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47 my Turirhr of LocAx Ir is been 2 
lb out of Print, and a Demand for it ſtill con -. 
tinuing, T have been induced to epitomiſe this admira- 
ble Science, and have given it quite a new Dreſs, by 
adding ſeveral important Articles bitherto wanting in 
Books on this Subjet, eſpecially reſpecting the Ixvkx- 
TION and Application of theſe artificial Numbers to. 


Nautical Uszs. - 
be Invention of Los ART TR IIS bas been 3 


60705 ofcribed to Lord Never, 4 Scotch Baron, whereas 


it is in Reality due only to our Countryman Mr. En- 
WAR D Wa lchr, as I have fully demonſtrated. 
Mr. WRICHT' Table of LATrIT upES was the firſt 
| SysTEM of Loo ARITHM S the World ever ſaw, and 
are peculiarly adapted to the Service of Navisa- 
TION 3 Whereas the Logarithms afterwards pub- 


liſsed by Lord Neper, were of ſuch a Nature, and 
Form, as rendered them of little Uſe, till they received 


a Transformation by Mr. HENRY BRIOOSs, who 
might juſt as well have made the Trigonometrical 
Canon of LocarITHMs in preſent Uſe from Mr. 
„ | "I" 
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ET "PREFACE, wenn 


Wright s, as 1 from Lord Neper' s Form 4 1d Moduley 
' if be bad but conſidered it as 1 tboroughly as the Nn. £ 
cacious Dr. Haley did. | 
As Logarithms are artificial Numbers, or . rather 
natural Numbers artificially applied, their origin from a 
Series of Numbers in arithmetical and geometrical _ 
Progreſſion is much more naturally and properly dedu- 
eed than from hyperbolic Spaces; and being expreſſed 
or repreſented by Lines, gives a much eaſier and clearer = 8 
Idea of them than can be had from the mtricate Theory 
_ ef aConic Section. 

Tbe Logiſtic Cokvx is here drawn 2 wage." that 
the Nature and Conftrudion of all Logarithmic Lives f 
and SCALES may be eafily ſeen to originate from it; of 
_ which no leſs than Ei ght, are here appoſitely placed to 
correſpond to the ſaid Curve, are very large and pro- 
perly divided, and receive from hence the moſt natural 
Elucidation of their Theory. 

* The Application of Logarithms to Navicar: ION 

is with the greateſt Propriety ; for this Science is per- 
haps the only one that is wholly of a Logiſtic Nature; 
the Way of the Ship upon the Sea is upon an equiangular 
Curve or Rhumb , this very Curve is projefied in 
Plano, into the Logarithmic Spiral, and therefore no 
wonder if all nautical Computations are founded in, and 
derived from a Logiſtical Meridian Line, and L. o- 
garithmic Tangents. A Treatiſe of Logarithms 
therefore is an eſſential Part of a Treatiſe on Naviga- 
tion, and ought to be regarded as the Mariner's Pre- 
mier; to evince this more fully, it is bere ſhewn bow all 
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the ks of Mercator Lt ſailing are ſolved by 0 n- 
mon Canon of Logarithm T angents , which are the ſame 


Thing as Meridional Parts, but 7 in another SCALE 
and Fou. 11 


Their Application to the Common Rules if Az1TH- 


8 MET Io, and the Rationale of each Qperation, I haut 


endeavoured to make as e ea eaſy, and We as 
: SO | 


The Uſefulneſs, or rather Neceſſity of Logarithees 
in Natural PHILOSOPHV ig ſufficiently evinced by e 
capital Examples. And the Doctrine, Notation, 

and Arithmetic of Ratios, fo little underſtood, is bere 
placed in a New, and, „ _ a ny advants- 


geous Light. 


As the Cotafttn Matheſis is a Sort of Leaiftical : 


| Geometry, and is, for the moſt Part, locked up from 


the Public in the Harmonia Menſurarum (a Book 
out of Print, and rarely to be met with) I thought I 
could not do @ more acceptable Service than to explain 


its Principles here, and apply them in a few important 
Examples to practice. In ſhort, the preſent Tract is 


but, as it were, An INTRODUCTION 10 that ad- 


mirable Wark of Mr. Cor Es. 


As this Compendium makes the Third Part of _ 


Mazixer's Mirror, ſo a New TREEATISE of 
T R1GONOMETRY ig now ready for the Preſs, and will 


ſoon appear in the Fourth Part; wherein the funda- 
mental Propoſitions of Plain and Spherical TRI“ 


ANGLES will be demonſtrated in a Method entirely 


new, and much more compendious and eaſy than is to be 


feund in any other Book on the Subjets, 
| | | Ac 
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Fx PREFACE. 


A. e of LocariTayns, theſe I have for 
mam Reaſons, purpoſely omitted; for (1) the Trouble 
of correcting ſuch a Set of Tables would be very great, 
and which, at my Time of Life, Iconld not undertake. (2.) 
It would inbance the Price of the Book without any 
: great Occaſion, becauſe (3) there are ſuch Tables in 
' almoſt every Book of Navigation, and praftical Ma- 
 thematics. (4.) But the principal Reaſon is, that where 
un Exatineſs is not required beyond all kind of Uſe, the 
 GuNTER is found ſufficient, which is oniy ſuch a Table 
of Logarithms protracted on a Line; and therefore I 
ſhall take the Liberty of recommending to the Reader 
#be Uſe of my new improved and univerſal Sl DI 
Rur E, with it's Application in bo Practical Problems 
in all Parts of MATHEMATICS and Pa1LOSOPHY. 


CON. 


P the Narr and Gxxxsis of LoganrraMs; and. 
tbeir UsE in facilitating all the OPERATIONS of Vul- 
gar ARITHMETIC „ Page 1 1 
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: 97 2 the Macon a ConsTRUcCTION of tbe Logiftic or : : 
Logarithmetic Curve ; of the univerſal SERIES or | 1 
SYSTEMS of Logarithms thence deduced; and f the _ "my 
Modular Ratio — — — — „ Þ 
0 H A P, III. 1 1 
Of the SYSTEM of Natural 1 F from = 
the Logiſtic CurvE ; and of the SYSTEM of Loga- 2 
RITHMS in the 8 Canon, invented by _ 
Ar. Ba1GGs — — — 10 1 ; 
CHAP. iv. | þ 

Of FE Firſt, or Original SYSTEM of Locanrriins in- 1 

vented by Mr. EDw. WRIGHT ; and their UsE in con- bo 
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Aructing the Nautical PLANISPHERE for MERCATOR's | 
PAILING — — — * 13 
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07 the Nautical MERIDIAN LINE, and Logarithmic 
Scar Es, and MopurzEs of the Three foregoing SYSTEMS, 
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1 New and Compendious 


SYS TEM 
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CHA P. . 


Of the Narunk and GEx ESIS of LocaniTnus; and 
their UsE in Jacilitating all the OPERATIONS of Pulgar 
HAITHUITIC: 


x. WF any Number or Quantity (a) be multi- 

I NB plied by another Number (e), the Product 

vs ; is ge; this again multiplied by (e), pro- 

*. N KA duces ae; this again multiplied by (e), is 

at zee, and ſo on continually, The ſeveral Terms or Pro- 

ducts ariſing by ſuch a conſtant Multiplication, will ſtand 
as below: 


a. ge. ate. aree. aeeee. aecteet. &c, Or thus, 
41-848. as? %% % „„ „ 


8 r 


1 . 4 _ 


WS — Oe Power 2 
= " 4 » 
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each Side Unity, will properly ſtand thus, 7, ET „ 
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Tie Terms of ſuch a Series are in S 


5 Progreſſion; and the Indices or Numbers ex- 
pounding the Powers of (e) in each Term, viz. 
2. . 4+ 6. - -_ n, are Numbers in 


_ Arithmetical Progreſſ jon, having all one common Difference, 


which in this Series is unity, or 1. 
3. If we ou a=1, the Series will be more ſimple, viz. 


; 9) OW bat 6 , , 2 e“. this is a Series of 


2 ee Terms; and the Exponents 1. 2. 3. 4. 5. Oc. 
are poſettve. But there may be the like ads of decreaſing 


Terms by Diviſion, VIZ. 2 . eee which 


E. ee. tee. ecee. | 
may be thus expreſſed with Negative Indices, viz. 


—— Rent mw a 
3 . 80 that the Series on 


md 


3 z 


— —— — 


Re | Co e 5 . e* „ 6 . ef » — „ es; the Terms 


being continued each Way to the Number u. Note, 
: gs 
= becauſe x esl, or es. 
c e 
4. Sometimes the conſtant Multiplier is a FN 
and conſiſts of the Sum or Difference of two Quantities, 
as a+x, aK; or 11, 1 -*. And then the Terms of 


eee aol 


the Series will Rand thus, I. 1+x* ITX T 


1 Ix . - 3 + x or for the decreaſing Series 


the Terms will be thus expreſſed, x. 1—x I I=x 5 


4 | 1 
124 = * 1] —X » 


5. This Series of Grometrical Terms may be expreſſes 
in pure Numbers, wich the As ithmetical Series of Hs 
- nents, thus Sth 
0. . 2. 3. 4 . 6. .. 
Geomet. 1. 3. 9. 27. 81. 243. 729. Cc. 
6. Theſe arithmetical Exponents are called (in Greek) 


Locaxirnus, becauſe they expound or expreſs the 
Place 


| SysTEM of LocARITR IIS. ES 


Place which every Term in the Geometric Series eg 
from Unity, or from each other, which is called the 
- Ratio of thoſe Terms to Unity, or to each other. Thus 
2 is the Exponent or Logarithm of ꝗ in the foregoing Geo- 


metrical Series, or it ſhews that 9 is the 2d Term from 


Unity, and that the Ratio (or Multiplication by 3) has 


been twice repeated to produce it, In like Manner, 5 is 


the Logarithm of 243, or of the Ratio of 243 to 1; and 


the Logarithm of Unity or 1 is o, as that is not diſtant, | 


from itſelf. 


7. From what has been premiſed, it is evident that 
AppiTION of Exponents, or. Logarithms, anſwers toa 


MULTIPLICATION. of the correſponding Numbers. or 
Terms; thus 1+ 3=4, and 3X27 =81. Alſo 24426, 
and gx81=729; and 0+5=5, to which correſpones. 
Ix243=243. And ſo in every other Caſe. 


8. In like Manner a SUBTRACTION of Logarithms c cor- | 


reſponds toaDiyts 108 of the reſpective Numbers; thus 
4 — 1 =:3, and 81 3 =27- -Alfo In x 
729=9=81 3 and ſo of others, \ 

9. InvoLUTION of a Number to any Power, is cor- 
reſpondent to multiplying the Logarithm thereof by 
2, 3, 4+ 5, Sc. thus twice 2 is 4, and 81 is the Square of 


9. Alſo 3 Times 2 is 6, and the Cube of g is 729; thus 
alſo, 4 Times 1 3s 4, ſhewing $1 to be the Biguatratic 
Power of 3; and 5 Times I is 5, which ſhews 243 is the 


5th or Surſolid Power of I And lo on for other night 
Powers. | 

8 EVOLUTION, or . the Rost of any 3 
is done by taking one Half, one Third, one Fourth, &c. 
of the Logarithm thereof; thus 3 of 4 is 2, ſhewing the 
Square Root of 81 to be g. Allo x of 6 is 2, which ſhews 


9 to be the Cube Root of 729. Again 3 of 4 is 1, and 


ſhews 3 is the Biguadratie Root of 81; and 5 of 5 being 1 > 
thews 3 is the Solid Root of 243; and ſo of others. 
B2 11, From 
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11. From what has been ſaid of this Series, it appears. 
that all the Terms thereof are proportional to each other, 
or have the ſame Ratio in regard to magnitude; thus 9 is 
juſt as much bigger than 3, as 3 is bigger than 1; or 
9:3: 3: 1. Alſo 27 is in Magnitude to ꝙ as 3 is to 1; 
that is, 279: : 3: 1. Again, 81:27: : 27:9; and 
81: 27:9: 33 and 729: 243: : 81:27. And fo on 
throughout the Series; which is the Reaſon why they are 
called, # Series of Numbers or Ie” in Geometrical 
Proper tion. 


1 - Hence the Practice by the ork or THREE of 
finding a Fourth Preportional to three given Numbers or 


8 Quantities ; viz. the Product of the two Means is equal - 


to that of the two Extremes; thus 81 X9==27 and 
8$1x3=27X9; and 729X27 =243xB1 3 ; and ſo on. 

Therefore 3 Numbers being given to find the fourth, 
you divide the Product of the 2d and 3d by the firſt; and 


the Quotient i is the Anſwer; 5 thus, zg, 3, or 2 -—— 


3: 
=8r. 


But this Operation is a by only the Addition 
end Subtraction of the Logarithms of the given Numbers. 
Thus 342-42 1, the Logarithm of 3. Or 3+2—1=4, 

the Logarithm of 81. Again 5+4—3=6 the Logarithm 
of 729 or 5+4—b=3, the Logarithm of 27. Hence 
thoſe tedious Operations are greatly facilitated ”y theſe. 
Artificial Numbers or Logarithms. 


14. When any two Terms of the Series are compared, 
the Ratio is ſaid to be /imp/e, as of 3 to q, whoſe Loga- 
rithms are 1 and 2. ; but the Ratio of their Squares 9 and 
81 is ſaid to be duplicate, becauſe their Logarithms 2 and 
4 are double the former; and the Ratio of the Cubes 
of 3 and , viz. 27 and 729, is ſaid to be triplicate, as 
their Fee 3 : and 6 a are e triple thoſe of the ſimple 

| Ratio. 


* 


SreraE of Looanrrams.—= 5 = 
Ratio On the contrary, the Ratio of the Square . . 2 


Cube Roots, &c. is ſaid to be ſubduplicate, A 
of the * Ratio of the Terms, e 


3 . 
—_—_— a * — 
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Of the Na and CoxsTRUcTION of the L or 
Logarithmetic Curve ; of the univerſal SERIES or 


SYSTEMS of Logarithms thence deduced 3 anil . the 8 
Modular Ratio. FS 


1 5 A Series of proportional Weinen or r Quantities 
may be repreſented by right Lines, above or be- 
100 that which denotes Unity. Thus let A B=1, and 


let CD, EF, GH, IK, &«. be Proportionals in the Scale 
above ; and ca, &, 8h, 14, &c. in the Scale below Unity | 

| (is. „ 
16. Then if theſe Quantkies: or r Lines are Sl upon 
a Right Line YZ of an indefinite Length, it is evident 
the proportional Lines AB, CD, EF, &c. will have their 
Logarithms expreſſed by o, AC=1, AE=2, AG=3, 
Al=4, &c. as in the numerical Series at (5.) Alſo be- 

| cauſe Logarithms are in Arithmetical Progreſſion, or equi- 
different, therefore the proportional Terms AB, CD, EF, 
c. will be eguidi i/lant, or the Intervals ACS =EG 
Frs 

17. If the Tops of theſe n be connected 
by the Line WPX, that Line will be the Legarithmetic or 
Logiſtic CURVE ; and the Line YZ is its Axis, or rather 
Hmptote, becauſe the Curve towards W will conſtantly 


approach to, but can never coincide with it, as we ſhall 
ſee preſently. 


18. Parallel to the Axis YZ draw Bm, Dn, Fo, Hp, 
&c. then will Dy, Fn, Ho, K p, be the Differences of the 
Proportional Terms, and will be in the ſa.ze Proportion 

| as 


. New and eee 

a the Tens themſelves. © For fince AB: CD : CD: 

EF: : EF: GH, ec. we ſhall have (by Diviſion) AB— 

CD : AB:: CD- EF: CD:: EF-GH: EF, &c. That 

is, AB: CD: DM: Fa; and CD: EF: : Fn: . 
AB GD EF GH 


Ke. TN” Fc S Ee, A given. 


-Quantity. , 
19. Let NS ek the Curve i in N; and let NT, 
ML, be two other Terms in the ſame Series or Scale; and 
draw Ng parallel to the Axis YZ; then will the Tri- 
angles MN 2 and NTS be ſimilar ; and therefore My: 


N NT 78, werbe AT- TS. But Ng= 
My 


5 a contact Quantity ; alſo NT, A conſtant | 
x ; 3 Mp + | 


Quantity (by 18) therefore the Subtangent T'S N, in this 

Curve, a conflant Quantity, or every where the ſame. 
20. Let the Number TN, and its Logarithm aT=g, 

then when the Terms of the Series are indefinitely near, | 


we have Ng (TL= 2. Meg, andſo+:g::x:TS 
=k; whence 14 =g x Wherefare, by making the con- 


ſtant Quantity 121, we have == . or the Hurior of the | 
x 


: Legarithm of any 8 is equal to the Fluxion of t the Num- 
er divided by the Number Helf. 
221. Hence the Meaſure of the Ratio on EP Es to's or of 
1 to TN, i is expreſſed in every different Curve by 


* 227 therefore the Legarithm of the ſame Ratio will be 
1 


ous as the Subtangent of the Curve ; becauſe, | in this Caſe, 
Tor = is a given Quantity (18.) On this Account the 
7 


Subtangent (t) may be eſteemed the Mopulx of the Loga- 
rithms 1n every ſuch Curve, or Scale of Proportionals be- 


longing to it. 
22. On 


l ; . 
1 - 


Sys TEM of Lookxrram, BE. 


22. On the Point 8, let there be erected the right Line 
8b, repreſenting another Proportional in the ſame Scale, 
then will the Ratio of TN to PS be AT-AS=TS=z, 
the Module itſelf; this Ratio is therefore diſtinguiſned by 
the Title of the Modular Ratio, in every different Syſtem 
or Scale of Logarithms. What this Ratio is, in, Num g 
bers, we ſhall ſee by and by. < WC 5 
23. The Ordinate TN may alſo be denoted Binemialh . 
thus, I +x its Fluxion is Rill S = Mz. 3 and then 


3 
755 I＋ A | 
Form for computing the Fluent, or Logarichm of the * 


whole Ratio of I +# to 1, or of TN to AB. 


— 5 as ; before (21. ) But it is now in a proper | 


| 24. For - = — SAA + * * —a*; * *, | 
&. (by common Algebra ; ) and by raking the Fluent of 


each Term, we have * — * ＋ e &c. conſequently 


the Fluent of tx =, i is ð 1 T1 —Ix", ce. 
25 III 


5 =g=AT, the Logarithm of the Ratio of 1+x to 1. 
25. If the Term of the Series be taken in the Scale be- 
low Unity AB, then it will be repreſented by 1—x, aas 
the Ordinate 24, and its Logarithm Ai will be ww. geen, * 


— 


and will be found, as above, to be ę MKT AK ++ x 
J ** TATA, &c. And hs Sum of both theſe Series or 1 
rithms will be 22x x + 1x* 44 +53" &c. Ti the Lo- 

garithm of the Ratio of 1 +x to 1 —x, or of IN to 14K. 
26. If the propoſed Ratio were that of a+x to a—x or 
a+x 


2 — & 


each Ratio ſogly, and both added together in the Man- = 


: then the Logarithm, « or Meaſure thereof found, for 


ner above exemplihed, will be 2 * 6 0h 377 1175 * 
4 


27. Hence 


8 Fo A New and Compendious 7 
27. Hence if a Sum of any two Quantities m and u, and 
cg their Difference, then will this laſt Series be the m_ 
vithm of the Ratio of the greater (m) to the leſſer x 
ſince a=m+n, and x=21—n, we have 2 we 
@—x=2n; and fo a+ x: a—x; A n » if - 


therefore a1 A. AS =B, Bec, C4=D, Oc. 


then A+3B+1C+3D, Sr. will be the Logurihm of 


m 
5 the Ratio 85 50 or of 7 ä ES 

28. TORRE, ag: e. ra Fes ry T . Oc. g. the 
Logarithm of the Ratio of I FF to I; therefore we have 


\ | 7 — K* +1 TM A +4. „Se. and therefore re : 
— 444 LAY O. in like Manner 7 SX - 1*K — 
25, Cc. Allo £ 25, Sc. and laſtly, 5 — 5 
209. TEA by having the Logarithm (g) given, you 
find on the other Hand what Ratio} it meaſures; for by ad- 


. ding = N. 60 Equals, we have ＋ 727 30 24 * — 


3 4 5 & 18 
8 * "+2 zs al, Oc. And again, £-+ IRE OT 


2 


£ 


S 2,x*+ 2.3%, E. And then again, < F 
MOAT, 4 | 
"x Amana „Ee. L £ * —+ 
3 „ 
672 241%. 120709 


* * * * K, Sc. _ e 


2 Ratio fnghs > between 14 * and 25 is that of I 747 7 


* 3 
_ 225 64 e. to 1. 
TE 2 120. 


30. If 


| Srevanof Looanrrrnts ks © 


pg Tf now we put g=t, or , then we ſhall have 


the Ratio Medularis expreſſed thus, 1 +4 + 143+x 27 
4, Sc to 1; that's, 2, 1828183, Oc. to 1. If 
chis Modular Ratio had been derived from the Ratio of 
1 to 1x, it would have come out 1 0 1 —1 + 5+ 
28 —1 5 Oc. or 1 to o, 36787944 +. Pn 

31. If in the Series expreſſing the Logarithm 1 to x 


 =F — (35), we put l, then it will become ITC 


1 Ec. g which Series being really infinite, ſhews 
the Logarithm Ai will be infinite. when the Ordinate 
| ik=1—x=0, or when the Curve meets or touches the 
Aſympuote ZV, at an infinite Diſtance. 

32. Draw the Ordinate QO indefinitely near - to TN, 5 
and through N and Odraw Ry, Or, parallel to the Axis ZY, 
Then will the Area between the Curve XBW and it's 
Aſymptote Z V, infinitely extended towards YW, and ter- 
minated on the other Part by the Ordinate TN, be equal 
to the parallelogram TSRMN contained under the Ordinate 
TN and Subtangent TS=RN. For becauſe Ns: Os 
: NT: TS, it is TS N- TN O,; but T KN! is 
the Fluxion of the Parallelogram, and TN OSI the 
Fluxion of the Area; and neraax ds as the F luxions 

are equal, the Fluents are ſo too. 2 
33. Hence, becauſe the Subtangent is a given Quan- 
- tity, that indefinite Area will always be as 1 Ordinate 
by which it is terminated, 
4. In the foregoing Caſe of the Ratio „ Medularis ( 3) 
de Number 2,1828, Ec. is that famous one (ſo often men- 
tioned in the Solution of Phy/i co- Mathematical Problems) 
whoſe Natural Logarithm i is Unity or 1; but in the com- 
mon Briggian Scale it is o, 43429, &c. and in the Nautical 
Scale it is 0,34377, c. Theſe Numbers being reſpec- 
tively the Monurks of thoſe Syſtems, ; a3 wo ſhall pro- 
ceed to ew. 
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D 35. JT the ConfiruQion of a | Canon of Logarithms, it | 


is neceſſary to inveſtigate the Logarithms of 


Prim Nunibers only, the others being obtained from them 


by Addition alone. Now the Prime Numbers between 1 
and 10 are four, viz. 2, 3» 5» and 7. Of theſe, and 
their Powers, ſuch Ratios may be compoſed, whoſe 
Terms differ from each but by... a ſingle Unit. Thus, 
2401. 2 

5 o 125 2 x7 224 Fas” | 2400? 215 
2 22 . 


- * I , 
1 3 o 
17 n z * + ; i 
” * # Li 8 * 


455 Can the Logarithms of the 8 a, 1 c, wp and let _ 
the Logarithms of the above four Ratios be called P. 4, 7. by 
reſpectively ; then by the Nature of Logarithms (7. 9.) we 


ſhall have p=a+2b—c+4; A = +2c—d; 
| F=—5a—b—2c+4d; and S=S—a—7b+4c+d. Now 


- the Terms of the leaſt of theſe Ratios are ſo large, and 


their Difference ſo ſmall, that the very firſt Term of he 


| 27) viz. 21= will give the Logarithm thereof 
i to Seven Places of Fi igures 3 and the 2d Term added, - 


£ will giv the Loguithm true G18 


37. For with reſpect to the «fir Ratio (by making 5 1 
we have 2£0,0079682, &c, =p; and 3 in the ſame 


Ls 


* 9 8 Manner, 


Srerzit if I v6 reins. it 
Manner, we have 20, 0044544, &c.* 1=0,00041658, 
Ge. and $=0,0002285, Cc. Then, by the four Equations 
in the laſt: Article you find (by the common Rules of 
Aebra) the four Logarithms a, ö, e, d, of the four Prime 
fern ger 2, 3, 3, 7, viz. the Logarithiti a=0,6931472; 
b=1,0986123; c, 60904370; and dL, 9450101, &c. 
38. Having obtained the Logarithms of theſe Primes; 
you find by Addition, the e of _ other 
ne for Inſtan c, 


To the Logarithm of Seeg 0 
Add the — of 1 


Tbe Zum! is the Logarithm of 10232430458 ex Ki 5 4% 
39. By finding the Logarithm of the 3 11, 13, 
175 19, a much greater Number of Logarithms will yet 
be obtained; and this will not prove ſo difficult a Taſk as 
| before ; for put go, x= II, and 6==12 ; then x—1=a, 
and & L Ib, and «„ I gab. Hence the Square of 
any Prime exceeds the Product of the two adjacent Numbers 
by Unity. "Therefore, if to the Logarithm of the Ratio of 


the Square to the ſaid P roduct, you add the Logarithm of ee 


the Product, then half that Sum wil be the Logarithm of 
che Prime“. Thatis, Logarithm of = TE Loparithm of ob= : 


Log arithm x*, the Half of which 3 5 the Logatithm of x. 
: For Example, let x= 92 then +* 81 and 4b 120. 


And the Logarithm of. 170 , 082988 (27), towhich add 


the Logarithmof 120=4,7874917s the Sum ĩs 4,79 57905, | 
which is the Logarithm of x* ; and the Half of that, VIZ. 
2,3978952 is the Logarithm of x=11, as required. 
After the ſame Manner the Logarithms of other Primes 
are found, and from them the Logarithes of al other 
Numbers. 5 
450. The Logarithms hitherto treated of are properly 
called, Natural Logari thms whoſe Module (2) 1 is Unity. 
P Becauſe zx ab- . 
C3 2 = 2 


| 
But this Form or Syſtem. of Logarithms (though very 
: ſerviceable i in many Parts of Mathematics) was ſoon- dif- 


4 Nen 3 * 


covered to be not ſo commodious and eaſy in Trigonometri- 
cal Computations as another Form or Canon of Logarithms 


would be, wherein the Logarithm of 10 conſiſted only of 
Unity with Cyphers annexed, as 1,0000000, &c. Be- 
cauſe, wherever the Radius is concerned, as it is always 
ſuppoſed to conſiſt of L0000000000. equal Parts, ſo its 
. Logarithm will be 1, 000000, &c. And conſequently 
by this contrivance, only one Addition or one Subtration 
will be required, inſtead of both Operations together, 


41. This Alteration in the Form of Logarithms we 
owe to our countryman Mr. Henry Briggs, and it is there- 


fore called the Briggian Canon, and is that now in com- 
mon Uſe. It has been ſhewn, that in every Syſtem of 


Logarithms, the Modules are as the Logarithms of any 


given Ratio (21), and therefore it will be as the Loga- 
rithm of 10, viz. 2,3025851 i is to the Module 1 (in the 
Natural Syſtem) ſo is 1,0000000 (the Logarithm of 10) to 


0,434294482= Module of Briggs's Syſiem; and this latter 


Module, it is evident, is only the Reciprocal of the former. 


42. On the Contrary, by having given the Modules of 
any two Syſtems or Scales of Logarithms, and the Loga- 


rithm of a Ratio in one, you find the Logarithm of the 
' fame Ratio in the other; for the Module of one is to the 
Module of the other, as the Logarithm in one is to the 


Logarithm« of the ſame Ratio in the other. 
43. We have now ſhewn the Conſtruction of two 5. 


tems of Logarithms, viz. of the Natural Logarithms in- 


vented by LoRD NEPER, a Scotch Baron, and publiſhed 
in the Year 1614; and the Briggian Sytem in common 


Uſe. But there is a third Syſtem of Logarithms invented 


and publiſhed by our Countryman Mr. Ep. Wz1car, 
before the Year 1610; and is, therefore the ft SYSTEM 
of LOGARITHMS that was ever invented ; but as theſe 
Loga- 


— 


Seren of Locarrrany, , 13 


Logarithms are of the Nautiral Kind, and deſigned imme- 
diately for the Mariners Uſe, we ſhall next explain the 
Principles from which they ariſe; and that in a Manner 
not to be met with in any Books « on (AY 1GATIOS | 


hitherto e. 


Ws 


| CHA 1 55 IV. 

Of the Firſt, ++ Origitu SYSTEM of LocarTHMs in- 
vented by Mr. EDw. WRIGHT and their Usk in con- 
"JO the Nautical PLannphrns for e s 
| SAILING, 0 + 


44+ N the Nautical 8 uſually cities . | 
Mercator s Chart, the Meridians being all right 
: To quot to each other, and the Radius of every Pa- 
_ rallel of Latitude equal to that of the Equator, it follows, 
that the Degrees In every ſuch. Parallel will be enlarged 
in this Chart in the Ratio of the Radius of the Equator to 
the Radius of the Parallel, that is, in 225 Ratio of _ 
0 A. to the Co ſine of Latitude. 
45. In order then to preſerve the ſame reſpective Poſi. 
tion and Bearing of Places in this Chart, as they have 
upon the Globe, it is neceſſary that the Degrees of Lati- 
tude ſhould be every where enlarged in the ſame Propor- 
tion, viz. of Radius to the Co-Jine of the Latitude; and then 
the Meridian conſiſting of ſuch-enlarged Degrees, is called 


the Nautical MxRIDIAN, or (upon the common es 


the Line of Meridional Parts. 
456. Theſe Meridional Parts are e ek] in 
the Tables of that Title in modern Books of Navigation, 
copied from the original Table compoſed by Mr. Edward 
Mrigbt under the Title of a Table of Latitudes, &c. That 
is, a Table of Numbers expreſſing the Length of an 
Arch of Bau Neri ORR 5 theſe e De- 


» 4 * 


* 
rr eee CCC cc 4” .. wt = ""» 


14 4 New 2 Cohpesdteos 
grees to any Latitude; and theſe Numbers make 4 
Nautical. SysTEM of LOGARITHMS, the Wente of 
which we are next to explain. | 
J. Let AED be a Meridian of the Globe (Fig. 2.); C ; 
the Center; EC the Radius of the Equator; BG the Ra- 
dius of a Parallel in the Latitude EB; and draw BC, . 
_ BD, BA; and AS indefinitely near to AB; Spy grant 
any other Point M -in the Meridian, draw AL tö inter- 
ſe the Radius CE (continued out if need be) in L; and | 
WH to the Point B draw the Tangent BH, Laſtly, at the 
Wi Equator E erect the Perpendicular ER, in which let EQ 
_— be the Part of the Nautical Meridian ON to the 
Natural Arch of Latitude EB. 
48. Now put the Natural Arch MB=z; ; cb nes 
ponding Nautical Line OQ=#x; and CN=y, the Tan- 
gent of half the Co-Latitude BD. Then will the very 
ſmall Particle SB, PQ=z; and FEN, the Fluxion 
ol the Ratio of CN to CL. Alſo let SX be drawn 7-4 


lel to BG, cutting AB in Z. Then is SB=SZ, for/ 
the Angles ABG +GBD=ABH+ABC=9gc?. but 

cauſe AC=CB, therefore ABC (BAC) =GBD; 
therefore ABG= SABESAZE=ESZD, that i is s SBZ= ; 

SZB, and conſequently SB=SZ. > 4 
49. Then to find the Nauticet Meynituds OQ of any 

5 Arch MB, we proceed thus; it has been ſhewn that O 

288 :: 4:8: : Radius CE, Co-Sine of Latitude BG or 
S, that is, OQ: SZ:: CE: SX. But SZ :SX:; 
FN: NC; therefore OQ: CE :: FN: CN. That is, 
in Species, # : Radius : : 5 : yz and conſequently, Radius 


* — — 
ap art wp > 
_— — - — 

+ ow * 


q 4 e Therefore s 4 is the Meaſure or Logarithm of 
| - the Ratio to Radius, as a Module. (See Art. 20. ) 

yi | 5o. Hence it follows, ſince Fluents are-in the ſame 

{i RNatio with their contemporary Fluxions; that the Nauti- 

1% cal Magnitude OQ of the Arch MB (the Fluent of 5) is 


the 


— — co One 


oo ou — 
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8 
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the Logarithm \ of the Ratio of N to CL (the Fluent of 
25) to the 4; 


of Meridional Parts, is really a Table of Logarithms of the 


Ratios of the Tangents of the Hal If Complements of the Lati- 


tudes ( of any two. Parallels) to the Radius of the (lady, as n 
| \Mopurn of this Nautical em. 
51. If the Point M coincides with E, then we | haye the 


Nautical Magnitude of the Arch EB equal to EQ, which ; 
is the Logarithm of the Ratio of CN to CE or Radius; 2 
| and therefore, for any Arch , beginning at the Equator, the 


Nautical Magnitude or Meridional Parts will be the Loga- 


rithm that meaſures the Ratio of the Tangent of half the 
Co-Latitude of that Arch to Ne Tangent pf 45" a: 


o EB=g0* the 
8 Complement is» BD=40?, the Half of which is 20? : 
Dl; and the Tangent thereof is DK NC, the Ratiq 


of which to CE Radius is, in the common Canon of 
Briggs 's Logarithms, thus found. 


From the Logarithm Tangent of 45? Rs | 
BubduRt the Logarithm Tangent of 20? | 945610659 = 


There remains the Logarithm of the Ratio) o 8 L 
Ther gmainache ee de Raton ao gag 


2 Which Logarithm 0,4389341 will therefore expteſs the 
Nautical Magnitude, or be the Meridional Parts for the 
; Arch of 50 *=EB, in the Briggian Sy/tem. 


3. In every Syſtem of Logarithms the Modules are to 


each other as the Logarithms of the ſame Ratio (2 1. ); 


ſince then in Briggs Logarithms the Module is 


0,434294482, Sc. and the Logarithm of the Ratio of 
D or ON = 3639702 to Radius CE 1000000 is 


9543693413 and the Logarithm of the ſame Ratio in 


. Tight 5 


f 


Sr EM of Locanrrih, '* 


for le or Radius CE of the Sphere. And thus L 


þ have proved that the Nautical Meridian Line, is the fame 
with the Line of Artificial Tangents ; z or that the Table 
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WW - IF New and Ak 
Wright's Table is 0,5474604 ; | thefFfore' lay, ' As. 
924389341 943474004 :: , 434294: , 34377468 which 
is therefore the Module of Wren 5 8 Hen 4 r 
or 7 ablt of Nautical Latitades."* ee 12 
54. In every Circle there are 3600. and of courſe, : 
21500 Minutes; in the Radius of the Circle there are 
therefore 3437 2 Minutes, which is the very ſame Num- 
ber as the Module of Wright's Syſtem ; and therefore this 
Module conſiſts of Minutes of the Equator, which are 
therefore to be conſidered as Logarithms (as well as Minutes 9 
175 of Longitude, upon a Courſe or Rhumb of 45 Degrees. 
: For the Mopur k is itſelf the Logarithm of the 


i Miadalar Ratio, viz. of 1 to o, 367879 &c. (30. ) that is, 
in the preſent Caſe, of the Ratio of the Tangent of 45% 1, 


o the Tangent So, 367879, Sc. which in the Table of 
Natural Tangents ſtands againſt 209. 11“. "x3" 3: the 
Double of which is 40⁰. 3 26” „ and this is the Co- 

Latitude of 49%. 360. 34 + which i is therefore the Latitude | 
made on Sailing upon the Rhumb of 455 to gain a Lon- 
gitude =3437 3 Minutes 57. 17. 44. Now in Mr. 

Wright $ Fable of Nautical Latitudes, againſt the Lati- 
| tude 4929. 36. 34 you find the very ſame Number of 
Meridional Parts, viz.' 34377468 for the Length of the 
protracted Meridian correſponding to that Latitude. 
Therefore the Longitude in the Equator is the Nautica! 
Magnitude of the Latitude (er Difference of Latitude) made 
upon a Courſe of 45% or equal 10 the kine of A ia 10 
Parts agreeing io that Latitude. 
506. Of this we haye alſo a direct 888 
from the Principles of the Stereographic Projection; for let 

EPC (Fig. 3.) be the 8th Part of the Globe ſo projected 
in Plano; P the Pole; EC the Equator 4 EP, PC, Meri- 
dians; and EeL the Rhumb of 45" here projected intq 

the Equiangular n cutting all the Meridians in the 
faid Angle of 45˙%½ Now let BG be a Parallel of Lati, 
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SYSTEM of LoGARITHMs. 17 
tude cutting the Spiral! in (c), through the ſame Point c 
draw the Meridian PA; laſtly, draw the Meridian Pa in- 
definitely near to PA, and the Parallel SX to BG; and 
there will be formed the indefinitely ſmall Triangle cae, 
in which the Sides ed and cd are equal but 2d i is to Ag 
4. Cosſine of the Latitude Ac to the Radius of the 

Glebe ; therefore Aa is the Nautical Magnitude of ed, 
or of 4c=BS ; therefore the Sum of all the Particles Aa, 
or the Arch EA, is the Nautical Magnitude of the Sum of 
all the Particles de, or the Latitude A , which 
was to be ſhewn. (See 44, 45,). 
57. Hence the Reaſon why, in the Solution of all Caſes 

of Mercator's SAILING, the Meaſures of the Sides of the 


Nautical Triangle are always expreſſed in Minutes or 


Miles of the Equator; the Table of Meridional Saba or 
Nautical Logarithms, being the very ſame Thing. 

58. Having found the MopuLE of Wricur” 3 sys- 
TEM of Loc ARI THMuSs, we find the Logarithm of 10 
(or of 10 to 1) thus; as Brigg's Module o, 434294 to 1, 
(his Logarithm of 10;) ſo is Mright's Module o, 34377468 
to , 7915/04, &c. which is therefore the Logarithm of 
10, in his Scale. As we have now inveſtigated the Na- 
ture and Genius of the Three principal Syſtems of Loga- 
"rithms in Uſe, we ſhall here place their reſpective 
Characteriſtics in one View, and i in the Order of Time 
they were invented and ans. 


Modules. 8 og. of 10. 
IWright s Nautical Logarithms 0,34377468—0,79157045 


| Neper's Natural Logarithms 1,00000000—2, 30258509 
Briggs's Common Logarithms 0,43429448—1,00000000 | 
59. We conclude this Theory of Wright's Logarithms 
by obſerving one Particular more, viz. that his Nautical 
Meridian is the very ſame Thing as the Common Line of 
4 Tangents, + ns | from 45 , or Radius; and 
numbered 
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But we have 0,4342045 


rithms delineated ; 


or New 4 Ceske, 


&c. the Reaſon of which will be evident when we con- 


ſider that the Nautical Latitude of 10® is the Logarithm | 


of the Ratio of the Tangent of 45 to that of 40. And | 


the Nautical Latitude of 20® is the Logarithm of the 
Ratio of the Tangent of 45 to that of 3553 and ſoon, 


60. And here we ſhall find Briggs 8 5 0 of the 


Tangent of 45” to that of 4o®, is in the ſame Ratio to 


Wright's, as the Module of the Common Canon to the 


5 Module of the Nautical Canon, or Meridional Parts, 


For the com. Log. of the Tangent of 452 is 10,0000000 
From which take the Log. Tangent of 40 9,9238135 


There remains the Ratio TS he 0 


0,3437747 : 0,0761865 : 


0,0603047 ; which is the Number anſwering to the 


Nautical Latitude of 10 Degrees in Mr. Wrights original 


Table. And therefore, fully proves the Nautical Meri- 
dian Line, and Line of Artificial Tangents from 4 5', are 7 


5 game . 


WH Cas { — 239 7 * . _—_ n pn - - = 1 "x N = - A + | nes . 4 


5 HA p. V. 


of the Nautical Mentotan Line, and Logarithmic 
| ScaLEs, and MoDULEs of the Three foregoing SYSTEMS, 
Explained in a large Nautical D1aGRAam. 


r. 5 the large Diagram of Fig. 4. is contained a 


Synoptic View of the whole Doctrine of Loga- 
in which C is the center of the 
EARTH; AGD a Quarter of a Great Circle divided into 
go Degrees; BD is a Line of Natural Tangents, divided 
as far as 45 AC is a Line of Natural Numbers, divided 
into 10,000000 ha Parts jn the common Canon. 

62. In 


| SysTEM of Locartrams. e 
62. In the Radius or Line CD, continued out, take 
CE to CD as the Logarithm of 10 to the Module of the 
Syſtem (of any Sort;) and make the Perpendicular EF 
En; then will the Line CE be the Logarithm of the 
Ratio of AC to EF, or of 10 to 1; and is always divided 
into an indefinite Number of equal Parts, according ta 
the Module of the Syſtem. In our common W this 


5 Number i is 1,0000000, &c. 


63. This Line CD continued out towarde 1, is a Line 
of Nautical Latitudes, or Meridional Parts, rhich are Lo- 


garithms of the ſeveral Ratios of Radius AC to the Tan- [| 


gents of the half Co-latitudes; thus C 10 is the Loga- 
rithm of the Ratio of AC, or DB to D 40 and C 20 is 
the Logarithm of the Ratio of DB to D 353 and ſo on. 
Therefore, if in the Points 10, 20, 30, 40, &c. there be 
etected Perpendiculars a 10, 5 20, c 30, &c. equal to the 


Tangents D 40, D 35, D 30, &c. to DS 80 h, then 


will the Points A, a, b, c, d, e, hs & h, &c. be all in the 5 
Legarithmetic Curve Ae H. 
64. Draw the Chord of 90. AD; that will be the 
Tangent of the Curve at A; and the Radius CD will 

be the Subtangent or Module of the Syſtem; and De to 
DB is the Ratio Modularis. Alſo the Modular Rectangle 
(32) is here the Square ABCD, equal to the infinite . 
of the curvelineal Space HACT. 
65. Next to the Line of Meridional Parts Cl, is ee? 
the Line of Longitudes KL, which, upon Navigation 
Rules, is called the Line of equal Parts. By this, the De- 
grees and Minutes of Longitude anſwering any Latitude 
(or Difference of Latitude,) made by failing on a Rhumb 
AD=45* is eaſily ſeen, and vire ve. 

66. The Line MN is the common Scale of Artificial 
Tangents, which was ſhewn to be the ſame, and ſimilarly 
divided with the Line of Latitudes Cl, but only numbered 
D E | is 


20 385 4 New at Campendions | 
differently ; ; one Degree here being every where ; to | 
two there, which is thus demonſtrated ; upon the Center 
A (Fig. 2.) deſcribe the Arch Cc, which cuts the Lines 
AN, AF in the Points a, b; alſo with the Radius AN 
deſcribe the ſmall Arch Ne; and let the Radius AC=r, 
the Arch CSD, and ab =S; CN y, and NF=; as 
before. Then becauſe of ſimilar Triangles ACN, and 
| NeF, we have FN: Ne: : AN: AC; but it is Nevab 
:: AN: AAC; therefore, FN: ab:: AN? AC; 
that is, 5: : 2 rr +yy : vir; conſequently, when CN 
the Tangent becomes CE the Radius, then y=r, and 
5 5 23 17 or, in that Caſe, . 18 the 


Fluxion of the Logarithm of any Tangent 3 Js is > ( by 
7 


15 . 20. ) therefore when y=r=1, the id F ia of | 
the Logarithmic Tangent is 3, the ſame as the Fluxion of 
the Natural Tangent, and equal to 23; but Sr, the 
Fluxion of the Nautic eridian Line at the Equator C; 
there fore, 5=2. ;. therefore, a Degree of Briggs's Loga- 
rithmic Tangents is every where equal to two Degrees of : 
Wright's Nautical Meridian, at the ſame Latitude. 
67. The Line OP is the Nautical Scale or Syſtem of Lo- 
garithms, by Mr. WRIGHT, conſiſting of Minutes of the 
Equator, The Midul: of this Syſtem is the Subtangent or 
Radius CD=3437,747 in this Line, as is evident by In- 
ſpection (53. 54.) And the Ratio of the Tangent of 
45 S AC to the Tangent of I EF, is 7915, 04; 
in the common Canon that Ratio is 10,000. Moreover, 
any Arch or Number of Degrees of Longitude in the 
| Lice KL, being applied to this Line, the Number of Mi- 
nutes or Miles of the — contained 8 will in in- 
ſtantly appear. 
68. The Line QR i is the Scale of Common 3 
. by Mr. Briggs; in which the Module is the Subtangent 
CD, anſwering to 4342945 in this Line (41. Alſo 
the 


1 
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the Logarithm of the Ratio of AC=10 to EF, is 
10000, oo0, & c. (40.) As the Radius AC may be con- 
ſidered as divided into 10, ooooooo, &c. equal Parts, ſo the 
Logarithm of any Natural Number i is found in this Scale 
% meaſuring of the Ordinate equal to it from the Point 
For Example; the Number 8391 i in the Line AC is 
35 to the Tangent of 40“ the ordinate repreſenting 
it is a10; then the Logarithm E 10, being applied in the 
Line OR, will be found 9238, 135, as you fee it in the 
common Tables. So th Diſtance of the Ordinates equal 
to the Digits 2, % 9 be from E meaſured upon QR 
will be found $010, 300 ; ; 4774 3; ; ee dec. as 
in the Table. 18 0 30 
69. The Lint ST i is the Scale of Nara, Loghrithms 
immediately reſulting from the Logiſtic Curve itſelf, viz. 
A/ H. In this Syſtem, we have ſhtwn the Moduls or 
dubtangent CD=r0,000; and tlie Logarithm of AC to RF, 
or of 10 to 1, is 23025, 851 (fee Art, 38.) And thus 
| the Diſtance of any Ordinate S2, 3, 4, &c. taken from 
Be and mieafuted on this Scale ST, will ſhew the Natural 
Tit of that Number to be 6931,472 3 ; 10986,123'; 
: 1 3862,943 3 ; and thus vou proceed for = other Num 
ber. b 
70. The Line vw; is called the Tine of a VE 
was invented by Mr. ED GouxTER, and i is therefore called 
Gunter Line, or, ſimply, the Gunter; ; it contains the 
Natural Numbers as they ſtand in the Scale of Propor- 
tionals between 10 and 1; ſome. of it's remarkable Uſes 
we ſhall fee hereaſter; by whieW it will appear how eaſy 
it is to find the Logarithm of any propoſed Number in 
any one of the Three SYSTEMS: (and vice verſa), and 
that to ſo conſiderable a Degree of Exactneſs, as will 
render them of no ſmall Uſe and Importance in all the 


Branches of practical Ae, and of Navigation in 
particular. : WY 
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c H A 750 17 6 


The Rationale of the Pröcns8 b previouſly aue to the 


APPLICATION of LOGARITHMS in the various Com- 
'PUTATIONS of ARITHMETIC and TRIGoxomETRY, 


ROM the Nature þ If car clin. it is eaſy to 
ſee they only indicate. what Power of, 10 any 


N Natural Number i is; thus 3 in the . 


Se ies 


the 3 2 Down that 100 is the 2d Power of 10; 
and 3 ſhews 1000 to be the 3d Power of 10 ; and ſo on 
in the reſt: Therefore, the Logarithms in the Table 
againſt the Number 3 and 30, ſhew that 3105, e 
Power of 10; and that 30 10,7121 Power of 103 alſo 


: that 3045 10,8585 Power of 10. 


72. From hence the Nature of the Indices of Logarithms 


ati, for the Index is that Part or Figure on the Leſt 


Hand ſeparated by a Dot or Comma from the reſt, and as 
it is the integral Part of the Logarithm, ſo it denotes the 


Number of Integers or Places of whole N umbers, leſs one, 


in the Number to which the Logarithm belongs; thus, 


if the Index be 3, it ſhews the N umber has 4 Integers; 
the Index 2 ſhews the Number has 3 integral Places; and 


ſo on. And while there are any Integers in the Number, 1 


the Index is ſaid to be poſitive; but negative, when it be- 
longs to a Number, wholly a decimal Fraction. If the 


ecimal has no Cypher prefixed, the negative Index is. . 
if it has one Cypher, the Index is . 8. if 2 Cyphers, the 
Index is . 7., and ſo on. But this will be beſt underſtood 
by the following Table of Numbers, Logarithms, and 
their poſitive and . Note, the negative 


Indices are dotted on each Side to diſtinguiſh them from 


the poſitive ones. 
Number. 


oo WOT YN +9. * 1 0 mY 85 


1 f Loganriiins, 23 

Number. Logarithms. Number. Logarithms. 
62060. 4.792812 . 6206 —. 9.792812 
6206 ——23. 792812 9806206 ee 
620.6 — 2.792812 0.006206. 7. 792812 
62.06 — 1.702812 o. 0006206 — .6. 792812 
6.206—0. 7928122 Ke. e. 


„ ſometimes happens, that the Logarithm of a 
Number, which is not contained in the Table, may be re- 
| quired, As ſuppoſe it required to find the Logarithm of 


the Number 5423758; this Number lies between the 
Numbers 5423700 and 5423800, Now then put this in- 


termediate Number 5423758 = m, and the next leſs 
5423700 Sn; then we have m+z=a=1084.7458 ; and 
m—n=x=58. In the common Tables o, 4342945; 


and 212. =0,0000046, &c. whichi is the Logarithm of the 


Ratio of m to n (27.) or of the Number 5423758 to 


5423700; therefore, 


To the Logarithm of 5423700 - - — 6.7342957 
Add the Logarithm juſt found o o, Oo 0046 


| TheSum is the Logarith m ſou ghtof 542 3758 —b.7 34 3003 
74. There is a Method of finding this Logarithm by 
proportional Parts in Sherwin's, and other large Tables, 


with Examples of the Operation ; the Reaſon of which is 
eaſy to conceive from Fig. 1. for therein let IN be the 
intermediate Number, and OQ, ML, the adjacent ones; 


and let NT-OQ=Ns, MEL—-OQ=Mr, and ML— 


NT=Mg. Alſo the Differences of the Logarithms of 
theſe Numbers are AT-AQ=TQ=Os, AL AQ 
 QL=Or, and AL-AT = TLZ Ng. Now the Tri- 
angles NSO and MrO being ſimilar, give Mr: Or:: 

Ns: Os; that is, the Difference of the adjacent Numbers is 
to the Difference of their Logarithms, as the Difference of the 
intermediate and leaf adjacent Number, is to the Difference of 
; their 
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their Logarithms, which Difference added to the Logad 
rithm AQ, gives the Logarithm AT. require. 

75. The Converſe of this finds the Number to any Lege- 
ritbm propoſed; for then we have Or: Mr :: Os: Ns; 


Which Difference Ns, added to the leſſer adjacent Number 
O2, gives NT the intermediate Number required. 


This may alſo be found as above ( 73.) by putting the 
given Logarithm of OQ.to NT, viz. Os or ar =g=2t 


* 2 * "24x | 
2; for then we have, 12 0 and there- 


2 | 2m -& | A 


5 fore, Fu 


m, or £ N, which added to 0 
+ 77 8 1 — TH 


gives NT, the Number ſought. In the Ländle above 


So, oooo046; fg, 43429045 m=LM = 5423800 and 
OQO 5423700; whence Ns=x=58, which gives ; 
TN=5423758, the Number required of the given Lo- 


garithm AT =6,7 343003. | 
76. In ſuch Computations, where you "hive A Lops. 


rithm to ſubduct from another, you add it's Acker 5 
Complement to that other Logarithm, and the Reſult is the 


ſame. This Arithmetical Complement is the Difference 


between any Logarithm and 10,00000g0, or rather 


959999999» &c, For Example: 
From the Logaritm - —- 9. 9999999 


36 — 


52 Remains the Arithmutical Compliment. 7 72798406 
To which add the Logarithm of 20 1. 3010300 


: The Sum i is Logarithm af? 525 =0,03895—8 5808706 


The ſame as if from Logarithm of 20 1 3010300 
: You ſubduct the Logarithm of 525 2 7²⁰¹ 593 


The Quotient is, oz g q —— '8. 5808707 


| 77. In Sherwin's Tabtts you find the Logarithm Sines 
and Secants placed by each other, as allo the Logarithm 
| . Tangents 


Subdut the Logarithm of 525 „ 3 7201593 
| Rf 


5 
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Tangents and Co-tangents ; and the Reaſon is becauſe | 
they are mutually Arithmetical Complements to each other; 
ſo that if a Sine is to be ſubdutted you may add the oppo- 
ſite Secant ; or if a Tangent 1 is to be ſubdued you add the 
Co-tangent (and vice verſa) to anſwer the ſame End; 
which is, very commodious to thoſe who are much'uſed to- - 
Logarithmic Calculations. This Artifice is founded on 
the Conſideration, That Radius: Sine :: Secant (of the 
fame Arch) : Radius. And again, that Radius: Tangent 
: Co-tangent : Radius; for Proof of which, fee my 8 
Yeung TRIGONOMETER' s New GUIDE. | 


* 


2 


— 


Of the OpnarIONs f Common ARITHMETIC 5 ö 
LoGARITHMS, | 


78. IHERE is no | Difficulty i in the . of 
| ARITHMETIC by LoGARITHMS, but in what 
a the Indices for Decimal Numbers, in rightly order- 
ing them for the various Sums, Differences, Products, and 
Quotients, which ariſe in the ambiguous Proceſſes of this 
Kind. As the Indices for Integers all begin from (o) and 13 
ariſe in the Series 1. 2. 3. 4. 5. &c. ſo thoſe for Decimals 11% 
mignt be expected to deſcend below (o) in the ſame Order, 1 
1. . 2. . 3. . 4. . 5. &c. only dotted on both Sides to diſtinn?n I 
guiſh them from the other. But in this Caſe, theſe In- 
dices muſt be conſidered as really negative, and being to be 
added, ſubtracted, &c. with thoſe which are poſitive, will 
require all the Rules of Algebra to be conſtantly obſerved, 
with regard to the Chinge and Alteration of the Sions 
+ or 2, as there uſed. .. 
79. To avoid this Trouble, the F of Unit e or 


1, inſtead of (o) is ſuppoſed to be 10; and then the Series 
below for Decimals will be .9. . 8. 7. .b, &c. as at (72. ) 
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and theſe Indices only ſhew how many Cyphers are to be 


; 5 preflxed to the ſignificant Figures of the Decimal Num- 
ber, as there declared. But when the Number of theſe 


. - * 10 — 1,000000 5 5 570 — 2.755875 


ers exceeds 10, it is troubleſome, in this Notation, 
to determine them, eſpecially for Learners. And there- 
fore the beſt way, in ſuch Caſes, is to make the Logarithm 


of 1=100, and the Indices for the Decimals will then be 


this decreaſing Series, viz. . 99. 98. .97. . 96. &c. ſhew- 
ing the Number of Cyphers to be pre fixed are ſo many as 
the given Index is leſs than 99. And, for the Sake of 


7 Beginners, we give the a Examples of the ſe. 


veral Rules. . „„ 
5 $0. Examples of MoLTIPLICAT1ON by LoGARITHMS. 

Pas Whole Numbers. 
Multiply 127—2,103804 9876—3.994581 
By „ 12—1,079181 5172.713490 
The product 1524— ————95 $105892—6, 708071 


| r. Mixed Numbers, | 
Multiply | 7.5 0, 875061 0, 762.9. 881955 


——— 


— 


ee 7 "73 —1 Spode. 4134,34 — 2.637830 


bl ,00019—. 6. 278754 |  19£000— 5,000000 
0,006935 —. 7. 841047 iN 1 —0,000000 


82. Yau Decimals. 


Multiply 0,12—.9.079181 0,0097 — 7. 986772 . 
By - 0,8 — 9. 90 3090 o, 00021 — 0. 322219 


— — 


Product 0,095 — 377 ; 0,000002037= 4- 308991 | 


Multiply 4. 


. — 
1 


\ Sire of Locanrifints, 3 
Mateipty = = 0,00000000075—. 90. 87 5061 
„„ ae 94 778151 


ä — 


0,0000000000000045 =_ 8 5 60 53212 


83 Eramples of Divisron by Letras 


IM hole Numbers. 


Divide 1524—3,182985 ” wen 

By 1722, 103804 517 —24713490 
Quotient ae "98763994581 

0 84. Mixed Numbers. EY 

Divide 751, 875061 43434 —2,637830 
„ 570-4, 75587 
Quotient 0—1,000000 0,762—.9.881955 | 

Divide NE ITO 7. 841046 1 0, oooo00 5 
1 562293 | 0,00001 —.5.900000 
o, ooor9— 6. 278753 100000 — 5.000000 


; 85. 5. . Decimals. 5 
Examples Divide = = = 0,000002037 — 4. 30899 
; By - - *** e 7. 986772 


a Quotient oe. 0,00021 —. FL 322219 


Divide | 0,0000000000000045—. 85. 653212 
B- 0,000006 —. 94. 778151 


* 


Quotient 0,0000000007 5—.90.87 5001 
86. As the Rol E of TREE conſiſts only of one Mul- 
 tiplication, and one Diviſion (12), there is no farther Va- 
riety in the Operation by Logarithms; we paſs therefore 
to the Involution and Evolution of Powers and Roots of 
Numbers, i in which Operations, Logarithms are of molt 
lingular Service, 
E | 87, bs 


ke 


28 4 New and de 
37.1 Ixvol uriox by Loc ARTTAHMus (o.) | 
1 Examples. Required the Square of 32 = : 1505150 
H Multiply by the Index of the Power = = SES 2. 


Product is e of the Square required, 1024—3,010300 


: Required the Cube . : 32—1.505150 


| Multiply by the 15 „ tg e 
. Logarithm of the Cube —— | 32768—4. 51 5450 
1 8 the Sale d or - 5th Power of 32—1. 505 50 
| Multiply by the Index - - - - 8 
| Logarithmofthe 5th Power — 34554432—7-525759 
j 5 Required the qth Power of 5 1,05—0,021189 
ot. Multiply by the Index 3 . 
| The 9th Power MS „ 5 | 
ö þ | Riad the Square of. = 0,32 —. 9. 5051 50 
1 Multiply "y - 2 * 2 
3s The Square of — — 90,32 =0,1024.—, 9. 3 
1 F Reg uired the 2 power 3 * 1505 I 50 
28 Multiply by the Index 3=1 5 155 
$3 The Square required N 181,03—2,257725 
t | 1 Req uired the Cube of - = 0,001 2—.98.079181 
= Multiply VVV 9 3 5 
$ The Cube required —  0,000001728—. 94. 237543 


3g 88. EvoLuTION by LoGARITHMS. 


8 Examples. Required the Square Root of 1024 — 3.010300 
C | Divide by the Index of the Root * d 


Qauotient is the Square Root : - | 32—1,505150 


Required 


Required the Cube — of e 9 I 5450 131 
Divide * RE - 3 , 

T he Cube Root 5 | Wa 
Required the gth Root of — 1,516 0, 18070ĩ 
Divide by — „ 

The Root W * | 1,05—0,021 189 ; 


"Wo 
x 


1 the 3 Root of = 18603=3,25779 
Divide by 2 RO 2 5 8 $5 4. RS 


The Root required F 


— — 


5 Ribuked the Cube Rootofo,teac01 728 —. 94 237543. 


: Divide by — 3 


Te Root ſought | - , - o,0012—"Fo7g187. 


- g_— 
— 


89, There is but one Thing that is puzzling to the 
Learners of this Science, in the above Operations, and 


that is, why the 10's or 100's are to be rejected from the 


Indexes of Products by Multiplication and Involution ; 


and the ſame to be added to thoſe we are to divide. But 
the Reaſon of all this will appear, when the Matter is 
properly conſidered in Fig. 1. where if AB be Unity, 
and its Logarithm 10, or 100; then the Logarithms of 


the Decimal Proportionals below AB, as of cd, % gh, 
ik, &c. will be * 8. . . Kc. or . 97. 


96. Kc. 


9o. Therefore it wil be AB: >: ; of _ and ſo 
AB xgbh=cd xef; and ſo in Logarithms 10+.7.=.9. 

+.8. therefore, .9. +.8.—10=.7. Or, i00+.97. 
=-99. +.98. and .99. +.98. —100=.97. From whence 
the Reaſon of rejecting 10, or 100, from the Indices of 
Feeds in a earnnh is evident. | 


57 15 a 


22 — 5579 
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91. In Diviſion, becauſe ET the 
Logarithms 10+ 7. —.8.=.9. and conſequently the 
Reafon why 10 is added to the leſſer Index 7. is 
very plain. 
3 Again, becauſe AB : 4: od ef, and fo ABxef 
=cdxed=cd* ; therefore 10 ＋ . 8. 2.9. . 9. 2X. g. 
conſequently 2*. 9. log. 8. Logarithm of i which is 


the Square of cd. Moreover, ſince ed: ef: : : gh, it 


bs edxgh=ef*, then in Logarithms 9. + J. Aix 8. 


therefore a g. „ 9. — 103 | conſequently 
th. 7. Ax. 9.— 20, therefore 3. 9.— 20. 7. =Loga- 
rithmic Index of gh, which is the Cube of cd. Hence in 
Involution, you reject as many 10's as there are Units in 
the Index of the Power leſs 7. 
93. In Evolution, juſt the contrary is to be done ; for 


ſince we have AB xef=cdxed, it is Vue td; 


therefore, the Logarithms —.—— 9 =the Logarithm - 


of the Square Root of the Decimal e |. Again; AB x gb 
.=cd xef; and ſo 10+.7.=.9. +.8. But 104. 7.—.9. 
S. 8. x. 9. — 10; therefore, 2x 10. 7. =3X.9. And 
conſequently, . —— 9. =Index of the Logwithm * 


dd which is the Cube Root of the Fraction g h. Hence 
the Addition of as many 10's to the Index of the Loga- 
rithm of the given Power, as there are Units 1 in the Index 

of e 1. 


\ 
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. SYSTEM of LocAamTHMs. 


J 


Tb $0LUTION of the CASES of Mercator's SAILING by 4 
the Table / Logarithmic TANGENTS 1 in the CANON | 
in mon. 15 ä 


94. ROM the foregoing Theory of Logarithms it 
F will be eaſy to ſee, that a Solution to all the 
| Caſes of Mercator's SAILING may be readily had from the 
Common Tables of Artificial Tangents ; for which Rea- 
ſon, the Table of Meridional Parts was thought unneceſ- 
ſary, and therefore left out of Sherwin 8 COLLRETION of 
Mathematical TABLES. | ; 
95. For, to ſhew this, nothing further is requiſite 
than only to demonſtrate, that the Differences of Longitude 
made in ſailing upon two different Courſes, will be proportional 
to the Tangents of thoſe Courſes, To this End, let PE 
(Fig. 5.) be a Meridian projected into Radius EH 
Part of the Equator; PH a Meridian, in which a Ship 
ſails from the Latitude L, to the Latitude M in the Meri- 
dian PI, upon the Rhumb ELW of 45? ; in this Courſe, 
the Difference of Latitude is LO, and that of Longitude 
HI, which is alfo the Logarithm of the Ratio of LP to 
MP, or of the Tangents of half the Co-Latitudes of the 
Ports L and M. (50.) 
906. Suppoſe another Ship ſails from the ſame Port 1 
but upon another Rhumb L m w to a Port (m) in the 
| ſame Latitude or Parallel O MN; ſo that ſhe makes the 
| fame Difference of Latitude LO, as before; but the Dif- 
ference of Longitude is now Hz, 
97. If now LO be conſidered as Radius, then MO 
will be the Tangent of the Angle MLO; and mO the 
Tangent of the Angle m LO, But the Meridional Dif- 


ference l 


Pg 


OM 32 1 71 New and en eee , 
ference MO: O:: HI: Hz Therefore the Differmce * 


Longitude HI 7s to Hi, as the Tangent of the Courſe on the 
Rhumb LW, to tbe Tangent of the Courſe « on the Nhumb 


L w. Ws 
98. In rich. 8 Syſtern of Togdrihms, the Module of 


the Syſtem CD (Fig. 4.) is the Tangent of the Angle of 
the Courſe CAD (g= 45) upon which the Differences of 


Longitude are the Logarithms of the Ratios of the Tan- 
gents of the Half Co-Latitudes (50.) For the ſame Rea- 
ſon, in any other Syſtem of Logarithms, the Module 


of that Syſtem will be the Tangent of a certain Angle or 
Courſe, upon which the Differences of Longitude will 
alſo be the Logarithms pf that Syſtem ; and every where 
_ expreſs the Ratio of the Tangents of the Co-Latitudes of 

: the Ports the Ship departs from, and arrives at. 


99. Therefore, to find this Angle in Brigg's Syſtem, or 


the common Tables of artificial Tangents, we have this 
Analogy, viz. As the Module in VET s Syſtem 
o, 3437745 is to the Tangent of the Courſe 45®, ſo is the 


Module of Brigg 8 Syſtem 0,4342945 to the Tangent of 
the Angle 519. 38“. 9”. And conſequently, if a he 


fails upon the Rhumb, which. makes an angle of 51. 


38". 9g”. with the Meridians it paſſes, then the Differences 


of the Logarithmic Tangents (in the common Tables) of 
the half Complements of the Latitudes, will be the Dif- 


ferences of Longitude made on ſuch a Courſe. 
100. Hence, we derive Solutions to all the Caſes of 


Mercator's SAILING, wherein the Longitude is con- 


cerned from the common Tables of artificial Tangents. 


For (by 97 and 99) we have this Analogy, As the ſaid 


Difference of Longitude (or of the common Logarithmic Tan- 
gents of the 0 Co-Latitudes of two Ports) made on the 


Rhumb of 51%. 38". 9. is to the Difference of Longitude made 
in ſailing on any other Rhumb between the ſame Parallels, ſo 


is the Tangent of 51%, 38“. 9”, to the Tangent of 6 the nt. 


en that Rhumb, 


101. Put 


1 as of LocaArITHMs. 33 
=Difference of the Logarithmic Tan- 
2 1 gents of the half labeadet 5 
01. Pur O Difference of Longitude. 
25 C=The Angle of the Courſe. 
| G=10,101 5104, the F Tan- 
gent of 512. 38.9”. 
| L=Difference of Latitudes. | 
Alſo, put The = The Diſtance ſailed. 


Then (eie I. A: O:: G:. C. ? In Mer- 
we JC H. GA: t. C: O. 5 cators 
have Caſe III. t. C: G:: O: A. falling. | 


D: C: L. 

Alf, 1 ot Dailies t COM LY, plain ailing. —Y 
102. In Order to the Sens ” the above 3 Caſes of 
Mercator, it will be only neceſſary, further to obſerve, that 
zs in Mrigbi's Logarithms (or Meridional Parts) the Arch 
of the Equator equal to the Module or Radius, conſiſts of 

3437,75 Minutes (54.) and theſe Minutes being whole 

Numbers (for 1 Minute is Unit,) expreſs, the Meaſure of 

the Longitude, Latitude, and Diſtance ſailed: So in taking i 
the Differences of the Artificial Fangents of Briggs's 

Form, or thoſe of the common. Canon, the four firſt 

Figures on the Left Hand muſt be cut off by a Comma 
for Integers; and then all Reſults will be the ſame here as 
in the n of Solution; for 3437 7 35 4342 94 
=» 1 of 45 Tangent of 519. 39“ 9 


' $oLuTION of CASE l. 

103. Suppoſe a Ship ſails from the Lizard in Lat. 400. T 
335 North, to Barbadoes, in Lat. 139. 10. N. and the 
Difference of Longitude 539. 00. 231800 then the Dif- 
ference of Latitude i365. 45. =2305". T he Tangend e 
the Courſe i is required, 

Lat. Comp. Halves. Log. Tang. 
Barbadees 199. 10. —76% 50", — 389. 25", —9,8993082 
Lizard 49. 35. 40. OS. —20. 24. — 925020477 


_The Difference i is A= 3372;605 
Wh 4 Then 


q g 
" * ; 
: * 
. 4 * . - > 
; 8 f 
3414 
* * 
. * 


New and. Compendious | 
Then "Te Arith. Comp. of A=3372,605—6,4720346 


id The conftant Log. G - = 10,1015104 
a The Diff. of Long. O=3180 - 35024271 


Ramittherequired Tang: t. C 49 50 10”, — 10.07 750721 
104. Then the Diſtance ſailed from the Lixard to Bar- 
badbes i is found by ſaying, | 
As the Co-Sine of the Courſe — 68083920 


To Radius — 8 - 10, 3 
So is the Difference of Latitude 2205 3, 3434086 


To the Diſtance failed "0 3429.38 —305352157 > 


Sonoran f Care . 
f 2 Suppoſe a Ship ſails from the Lizard, Latitude 
40. 55. N. to Barbadoes in ür, 17”. 10..N. on a 
Rhumb or Courſe of 490. 505 0%. N. to find the Dif- 
ference of Longitude. : 


Add Arith. Computation of G 915 9.398896 
the } Above found Value of AZ3372, bog—3,52796 54 


Tang oftheCourſez, C=49" +59 10 e 5 


| "RY is the Difference of Long. O= 3180" 2, 5024271 5 
Or 53˙. And the Diſtance ſailed is found as before. 


Sor vr rox of CASE III. 


106. The Latitude you depart from, the Courſe ieer 'd, 
and the Difference of Longitude being given ; to find the 
Latitude of the Port the Ship is arrived at. 


Arith. Comp. of z. C = 49? * 100. —9 9240279 
2 1 Logarithm G _ 10:1015104 


Difference of Long. O 3180 5 80471 oa 


Sum is the Value of A=3372, 605—3,5279654 
Suppoſing, then, that you ſailed from the Lizard 1 in Lat. 
499. 55. North, the 5 of Which is 40˙. 05', 
the Half of that | 16.20% 4.5 


Then 


 Sroven f Lookaitmes,” WW 7 g g 
Then the Logarithmic Tangent of 209. 02” 19,5620 ih 
Add the Value of Al in Form of a Logarithm o, 3372608 


The Sum is the Tangent of 385. . 9,8993082 
The Double of which i is. - 0% „ ons 


The Complement thereof is 1 3 13 N Lat. of the | 
Port required, viz. Barbadoes. 

107. Thus (ſays Dr. HALLET) the dead Reckoning by 8 
the Logg, and daily Account of the Ship's Way i is duly 
kept, and the Trouble thereof very little more than by 
Plain Sailing. Theſe are all the practical Caſes, perform- 
able by a Table of e others fall not under our 
Cognizance. \ | 

108. It is here to 'S abferved, that both * Comte | 
plements of the Latitudes B and M (Fig. 2.) are to 
be eſtimated from the ſame Pole of the World, either 
A or D, it is not material from which; for ſuppoſe we 
| regard the Pole 5 then —— ED BD. and 2 +53 M f 

2 or e 8 

MD 25 
3 But if the pole A be teten to, then it will : 

be EB, 10 ä But the Ra- 

2 2 2 2 
tio of the Tangents of 2 BD and 4 MD is the very ſame 
as the Ratio of the Tangents of 4 AB and 3 AM, (See 
Article 79) 

109. I'0 illuſtrate this Matter in 6 Nombre: ſaga 

EB= 5o* and EM=30* ; then 4 BD=20?, and 3 * 

' =60*%. Alſo 1 AB=70?, and Z AM 30“. 
Then the Log. bo” — 10. 2385606 —707 — IO, 4389341 
Tangent of 720. 9. 5010059 — -30'— 9.714394 


— 


Remainder in both equal 67745947 | l 67744947 n I 


634223 „4 


This is alſo very evident in the Line of Tangents MN 1 f 3 
\ (of Fig. 15 where the Difference of the Tangents of 1 
| F 2 69® | 


'S 
 Go* and 200 „ and of 70e and 30% is the fame, and an- 
ſwers to the two Tangents e 30 and : 50 in the SCALES | 


110. 


I New a Vip 


of Waienr 8 Ln. CI, and Or. 


** Pr SY a * 2 1 wid at 4054+ 2 --- — * 3 * 
K — > — — 


c H A P. IX. 


| The Usz of the Logiſtic Conn and Logirithmetic sr · | 


RIES, exemplified i in Natural PHILOSOPHY, 


OTHING has contributed more, perhaps, to 
the Advancement of Natural PEILOSO HR 


than che Invention of Logarithms. An Inſtance of this 
we ſhall give in the Uſe of the Logiſtic Curve for duly re- : 


| preſenting the Quantity of Air, above any given Height 
from the Surface of the Earth; and its Denſity at that 


Height; and from thence the Method of meaſuring the 


Height of a Mountain, TOs Kc. is very daterally : 
. deduced. 


11. It is well known by a that the Den- | 


ſity of the Air is always proportional to its Compreſſion, 


that is, to the Weight or Quantity of the ſuper- incumbent 


Atmoſphere. So that if TN (Fig. 1.) be a Part of the 


Earth's Surface, then the Denſities of the Air at the 


Earth T, and at any Heights O, 8, A, above it, will be 
directly as the Quantity of Air, or it's Weight, at, or 
above the Points T, Q, 8, A. But the indefinite Areas 


WN TI, WOQY, WSV, WBA V, we have ſhewn 


(33.) are as the terminating Ordinates TN, QO, SP, 
Ag in the Logy/itc Curve. Therefore it is plain, theſe 


Areas will repreſent the Quantities of Air above the 


Points T, Q,S, A; and the Denſities of the Air at thoſe 


Points will be as the Ordinates TN, D, SP, AB, re- 
ſpectively. 


112. Hence it dne en, wat if ſeveral W of Air 


TI, TS, TE, 1e, FA; &c. be taken in Aritbmetical 


Pro. 


Sys of Litas. .- 37 


Propreſſim, then the Denſities of the Air at thoſe Heights 
IK, GH, EF, CD, AB, &c. will be a Series in Geometri- 
cal Proportion, decreaſing; and the Differences of the 
Altitudes IG, IE, &c. will be as the Logarithms of the 
Denſity at I to the Denſity at G, E, &c. ſee Chap. II. 

113. Furthermore, it has been ſhewn (32.) That the 
Rectangle TN RS upon the terminating Ordinate TN, 
and Subtangent T8, is equal to the indefinite Area 
WN'TY of the Curve above it; and conſequently if all 
the Air above the Surface of the Earth were reduced into 
an Atmoſphere every where uniformiy denſe (like Water,) 
then all that is incumbent upon TN would be reduced 


into the Rectangle TNRS ; and the Height of ſuch an uni- 85 


formly denſe Atmoſphere would be the Subtangent T8. 
114. And becauſe TS is the Module of the 
| Syſtem of Logarithms TQ, T8, &c. therefore, if we find 
by any Means the Denſity of the Air at the Earth's Sur-. 
| face T, and at any Height TQ above it, we ſhall have 
the Logarithm TQ of the Ratio of theſe Denſities; and 
conſequently, can find the Height TS of the uniformly 
denſe Atmoſphere by this Analogy, viz. At the Logarithm 


'TQi 1s to the Module TS, 5 10 the Altitude f Wu the Alti- 
tude of S. 


115. The Heights « of the Quickſilver i in the Barometer, 5 
it is well known, are the Effects of the Air's Weight or 
Preſſure; and are therefore always as the Denſities thereof; 

now it is known, by Experiments, that when the Mer- 

cury is 30 Inches high on the Surface of the Earth, it will 
fink 1 of an Inch at the Height of 97 Feet above it. 
Hence the Denſities will be as 30 to 29,9 ; therefore, the 


Logarithm of . L. of 29,9 =Logarithm of 3 — 


2949 
o, o0145 and the Module of the Canon is 0,43429. 


Therefore ſay, as 0,00145 : 0,43429:: 97 : 29053=TS, 


28 4 New and eben | 
the Height of the uniform e W which 
is 5 1 Miles. 

116. Again, ſuppoſe on the Top of a . you 
obſerved the Height of the Mercury to be 25 Inches, 
+ when it ſtands at 30 at the Foot of the Mountain; Query 


it's Height? To anſwer this, the Logarithm of 2—— 


ü We therefore ſay, as nn i es : 
| 5 , 

5 Logar. of 255 o, 79181 : : 97: $297 Feet = 'T Mile 
: 17 Feet, the Height of the Mountain required. 
117. For a Second EXAMPLE of the Uſefulneſs of Lo- 
garithms in Natural PRILOSO RV, let it be required to 
find the Number of Turns (N) of the Winch of an 
Aix Pour to rarify the Air R Times in a Receiver, 
whoſe Capacity is to that of the Barrel of the Pump as C 
to 1. To this End it muſt be conſidered, that the na- 
tural Rarity of the Air in the Receiver is as C, and be- 
cauſe-upon the firſt Turn of the Winch it will fill the Re- 
ceiver and Barrel both, the Rarity will then beas C+1; 
and therefore by one Turn it will be rarified in the Ratio 

C+ r 


of the Space C to the Space C+1; or of 1 to 


1 18. Now this will be the conſtant Ratio of it's 1 
faction by every Turn of the Winch; therefore in 1, 2, 
| 3» 45 5 N Turns, the . N 


e "£7 C+1 


will be the bu Series 1. * — = 9 8 A. 


gp RET — =R, the laſt Degree of Rarefadtion of 


the Air ; then by the Properties of Logarthms ( 9. ) * we : 
have the Log. of R=N x Log. of + = N * Log. 
i 111 

Log. CI- Log. C. 
c Therefore 


CH1 —Log. C; and therefore N= 


Ie . 
Therefore ſuppoſe R= 1000, andC=20; then theLog. of 


Ri ad Lo of — =0 02118 and fo N= WK 

is 3, 4 g· 2 93 8552110 
=141 2, the 3 of Turks for rarifying the Air 1000 
Times, in a Recipient 20 Times as big as the Barrel of 


— TEE: 1 1 


0 n e . 
Of the NaTuRE, Novation; cone amen andAarrn- 
METIC EY, RaTI0s, 


119. „Fron 1 hae hone, Aaliwates concerning the 
general Nature of Logarithms in the Firſt 


: i & 
” 
” , 
£ 
1 ; 4s 
5 
8 
4 
— * 


: Chapters it appears that all Numbers may be conſidered 


as Terms of a numerical Series in geometrical Progreſſion, 
of which Unity (1) is the firſt Term ; and the Loga- 
rithms in any Syſtem are their Exponents, or ſhew the 
Places in the Series from Unity, in which they ſtand ac- 
cording to the Number of thoſe Terms into which the 
Whole Ratio of 10 to 1 is divided, and which Number is 
called the Logarithm of 10 in each Syſtem, 1 Se 
120. Hence, if we ſuppoſe the ſaid Ratio of 10 to 1 to 
be divided into 2,3025851, or 10000000, or 7915704 
equal Parts, then the Places of the 9 Digits will be indi- 
cated by their Logarithms in each reſpective Syſtem, as 
in the following Table ; where, in the firſt Syſtem « of Na- 
tural Logarithms, the Number 3 holds the 10986 123d 
Place from Unity. In Briggs's Syſtem, it is in the 
4771213th Place; and in YYright's Scale it ſtands in the 
3776776th Place, and ſo of all the Reſt. 


Numbers 


| # New ond Compendious 
Common þ Briggs's 


ru N i Fi ith Fare. Job ll 
= | ogarithms ogarithms, ogarithms. 


1 Jf0.0000000[0.0000000f0.000000 
2 Jo. 693 147 20, 301030000, 2382866 
i 1. 098612300. 47712130. 3776776] 
4 11.386294 3. 602060. 4765733 
BW 50943790, 6989) 000.55 32838 
6 1}1.791759410-778151310.6159742 
7 
8 


1.9459101[0.8450980j0.66895 48 
8 }]2-079441510.9030900[0.7148599] 
* 2 19722410. 95424250. 7553552 
2,3025851 l, — 10,7915794 


6 


121. All that is contained in the Four Columns of this - 
Table, is evidently thg ſame as is protracted in the Four 
| Lines VW, ST, QR, and OP; for in the firſt are con- 
tained the natural Numbers as they ſtand in the Scale of 
; Proportionals between 1 and 10: and in the other Three 
are the reſpective Logarithms or Ratios of all ſuch 
Numbers to Unity, and to each other, Thus to the : 
Number 3 in the Line VW, there correſponds the natu- 
ral Logarithm 10986 in the Scale ST; Briggs s Logaritbhm 
47712 in QR; and Wright 8 Logarithm 37768 i in OP; 
and fo of others. 


122. Hence it appears, that the Line of Nambers i is a 
Eine or THE MEAsUREs of all Ratios in every Scale of 
Logarithms; and, in the Opinion of the great Dr. Saux- 

' DERSON, it is the beſt Inſtrument we have for exhibiting 
and conveying Ideas of Ratios in all their Modifications; ; 
and when this Line is twice repeated, properly divided, 
and 3 or 4 Feet in Length, it will anſwer the End of a 
Table of Logarithms where great Exactneſs is not re- 

quired, 
123. Of Ratios there are two Sorts, Lag ifical and Nu- 
N merical. A Logiſtic Ratio is that of the Diſtance of any 
E | Number from Unity (1) in the Scale of Proportionals ; 
} | thus, the Ratio of 2 to 1 is the Diſtance V 2 in the 
"md Gunter, and the Ratio of 3 to 1 is the Diſtance V 3; and 
. N ——— Bom 


eri of Lenard. 41 


ſo on. Alſo the Ratio of 3 to 2 is the Diſtance between 
V 3 and V2, or between 3 and 2 in the Gunter; and thus 
it appears that the Logi/lic Ratio of any one Number to ano- 

ther is the Difference of their Logarithms ; and is itſelf a Lo» 
garithm, This Ratio is thus expreſſed A: B, C: D, &c. 
1 The Numerical Ratio is that which expreſſes the 

Relation of Magnitude which one Number has to another; 


and is the Quotient ariſing from a Diviſion of the two 


Terms or Quantities A and B, which is therefore thus 
| e or 110 thus ſuppoſe A= 3» and B=2,. then 


3=1,5 Which is the Ratio of the Magnitude of 3 to 2, 
viz. the Ratio of 14 to 1. And 5 which ſhews 
the Ratio of 2 to 3 l _ of 1 to 1%» Or 1 to 10 or 155 
more nearly as 1 to s 
125. It is evident from what has been faid, that the 1 
5 giftic Ratio (L) i the Logarithm of the Numerical Ratio 


(N); for it has been ſhewn that L. l. AL B 


L. N. And thus in the Gunter Vw if you take the 
Diftance between 3 and 2 in your Compaſſes, and placing 
one Foot in 1, the other will reach to 1,5. the Ratio of 
the Magnitude of 3 to 2. 


126. Hence it is eaſy to compare Ratios of r 

with each other; thus we ſee in the Gunter, the Ratio of 
zto 2 being greater than that of 4 to 3, ſhews that 3 has 

greater Magnitude compared with 2, than 4 has com- 
pared with 3, that is, 4 is greater than 3. Thus alſo 
you compare ſeparate or diſcontinued Ratios, as thoſe of 

2 and 3 ; for ſet one Foot of the Compaſſes in 7 and ex- 
tend the other to 5, then apply that extent from 3 towards 
2, and as it falls ſhort of 2, it ſhews that 7 has leſs Mag- 
nitude compared to 5, than 3 has to 2; and that extent 
will alſo reach from 1 to 1,4, and therefore ſhew that i 
exceeds 7 in the Ratio of 15 to 14. 


* _ 1 


—_— — ——— — 


r Sie as 
. A 5 7 7 9 * 11 


127. On the Contrary, by i inyortiog pk Te of the 


Numerical Ratios, we find the Ratio of 3 to 5 as 14 to 


153 or that 2 has leſs Magnitude compared with 3, than 


5 has compared with 7, in the Ratio of 14 to 15. 


128. Hence alfo the ComPosiTION or ADpiT1ON of 


- Ratios will be very facile; for let i it be required to add the 
Ratios of B to A and D to Cc; if you place them Fraction- 


wiſh thus, * ana _ it is evident the Sum of the L. 
B 


2 1. G D vil be the L Bok, * D-LC, war 


2 is, the L. 8 — and therefore the Sun of the two Ration 


of B to A and of D to C, is that of BD to AC. Thus 
the Sum of three Ratios B to A, D to — F to E, will 
be BDF to ACE; and ſo on for a gener Ne of 
Ratios. 


129. In continued ſation, or fuch where the conſequent 


Term in one is the Antecedent of the next, as in theſe 
A to B, B to C, CtoD, D to E, &c. the Sum of all 
will be the Ratio of AB CD to BCD E, or only of A to 


E; the intermediate Terms BCD being found on each 
Side of the compound Ratio, make no Alteration. Thus 
the Sum of the Ratios 2 to 3, 3 to 4, 4 to 5, is only that 
of 2 to 5, as Is e by Inſpection o only of the 


Line VW. 


130. The SUBTRACTION or RESOLUTION of Ration 
is by a contrary Proceſs; thus to ſubduct the Ratio of 


Dita C ba the Ratio of B to A, we * the 


B 
L. ——L. TL B -L. AL. D +L. a=? IF and 
therefore the Remainder is the Ratio of BC to AD. 
Hence it appears that to ſubtract a Ratio is the ſame 
thing as to add it with the Terms inverted, 


1 31. The 


Cube of 2. Alſo 3 Vg=V3, the Square Root; and 


* 


* 


Srerkür of Lovanmrants. _ 43 

CLIO 'The MvuzTIPLICATION of a Ratio A to Bi is to 
40 5 it to is If as often as there are Units in the Multiplier; 
thus the Ratio of A to B multiplied by 2 is added twice, h 
Viz L. Aoi l. A 2 L. Ho therefore the 
FR . 
Product is the Ratio of A: to B. Thus the fame Rav 
tio multiplied by 3 is that of A B3; ſo that to multiply 
a Ratio is only | to involve it to a a given Power, as the Square, 
| Cube, c.. . 8 
„ the other Hand the DIyIS 10 of: 2 Ratio is 
only to extract its Square, Cube, &c. Root; thus to 
divide the Ratio A to B by 2, it wal be conſidered as a 


hes, the n L. 2 2 2c. A 


Square, fo that E 57 B 


which divided by 2, gives L. — T A 11. 85 and e 


0 — 4 8 


| be 5 
quently the Quotient i is the Root 2s or the Ratis 


2 


A to Bi; thus the Ratio of A to B divided * * or 
triſcted, is that of A to B3 3, and ſo on for others. 
135. Theſe Operations are all exemplified, as it were 


by Sight, in the Line VW; for double the Diſtance 
Va is = V4, and triple the fame S V3, the Square and 


2 V8 V2, ſhewing 4 is 0 Cube Root of 8 and 
fo on. OM 


134. The Ratio of A to B is ſaid to be dire, his 
| the Terms A and B increaſe or decreaſe together, and in 
an equal Degree; ſuch a Ratio may be denoted n A; ; 


25 but uſyally thus, A : B, 
135. But if A increaſes or res while B propor- 


| tionally decreaſes or increaſes, then the Ratio of A to B 
is ſaid to be 11 that is, A is W A as B, aud! is 


thus denoted A: 7 and often A; * 


2 


G 2 . = When 


44 A New. and Compendious 
136. When any Quantity A is inverſely as the ſquare 
of another B, then it is thus expreſſed A: Ir but more 


commonly and elegantly now, A: Bz for fince the 
diref? Ratio of A to BB is A: B* or A: B ſo the in- 
verſe Ratio being juſt the contrary, muſt have a contrary | 
or negative Index of the Power 2. 

137. For the ſame Reaſon I A be as | the Square Root 


of B, it is thus expreſſed A: VE, B. or now more anne 
diouſiy in this Form A: BZ, But if the Ratio of 3. be 


| inverſely as s the Square _ of B, that is if A: VE B, 
then it is wrote A: B 
: 138. When A* is — as B?, then A: MY or A is 
ſaid to be in a fe ſquiplicate Ratio to B; and this Ratio was 
formerly wrote thus, A: BVB. B. 
1309. In the Compariſon of Ratios conſiſtiog of the 


Powers of Quantities, tis cuſtomary to denote ſuch 
Powers by Symbols, or Letters, as Au, B., Cs, & c. 


Then if the Ratio be A* Be; it will be A: : BY, A- 


bun, if A: B=, then A: : BD", or A: 33 „ Alſo if 


Ar: 1 then we have A: B 7 \ becauſe B'=1, or 


. B I 
r Hence, if An 5 wen wekane A= Br . 


And if A®: 2 then A: * =. 


1 14.— 


men A: B.. And laſtiy, let AF: BY; then A. 


E ; and thus y you proceed in forming compound 
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Indices in all other Caſes; to know which will be ex- 
tremely neceſſary for the Student i in the A 2 | 


_ SOPHY and MATHESIS, 


— — - - 
I TI" INT » _ 


G HA F. X. 


The PRINCIPLES of the Coteſian GROMH ENTRY explained; 


and applied to the finding of F LUENTS by the RAPING 
of RATI0s and ANGLES. 


140. ROM all that hid hitherto been ſaid, it miſt a. 
1 bundantly appear, that every thing which con- 
cerns the Meaſures of Ratios muſt have it's Foundation in 
the Doctrine of Lo ARITHMuS; and conſequently as Mr. 
Cotes in his Harmonia Menſurarum has invented a new 
and elegant Method of finding the Fluents of given Flux. 


ions, by reducing them to Ratios, and taking their Mea- 

ſures from a Table of Logarithms, or the trigonome- 
trical Canon for circular Arches, it may be proper 
here to explain the Principles on which his Mothad i is 
founded. 


141. For this Purpoſe his Notation of a Ratio is ; ſome- 


what different from the common Form. In the fluxionary 


Equation rx L=5 * (49) he _—C the Meaſure # and 
| , 


conſiders only it's equal v 3 which he cransforms into 
7 5 


this Notation E and calls it the Meaſure of the kati 


of; to y in the Scale of Logarithms whoſe Module i is the 


Radius (7) of the Circle. Accordingly the Ratio itſelf is 


ex 


the Module (7), is the Fluent of the Fluxion = 7 bf 
142. Mr, 


a 


; and the Meaſure of that Ratio i in the Scale for 


a 00 * N. 
* N 


r — 


— „* n 
e 5 
4 q A 92 


4 N — ö f ts. N 9 
x F ADA. ett. fed » bias a 
; A og” "x FREIE . e >, 


2 » 2.69 


2 
* 


* we 5 by & 
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2 

x 

s 

£ 

. 

: 
4 

Z 
-4 7 

; 
| 0 


D ray 1 „ 7 
7 


- N * 6 
— * 


T- Rz; the Fluxion of the firſt i is 


FIR. 6 3. — W 
ſame Ratio T+R to the Module 1 R. 


NT, 


16.1 Mr. Corrs! s general Formula i is R 


the 


. Quantities R, 8, T, denoting the Ratio or Aigle, dy the 
Meaſure of which the Fluent of a Fluxion is to be exhi- 
bited. When R is the Square Root of an affirmative 
Quantity, then they expreſs a Ratio, viz. the Ratio of 
R+T to 8; but if R be the Square Root of a negative 


Quantity, they denote an Angle, which Angle is always 


chat whoſe Tangent and Secant are to the Radius as T and 


S to R; the negative Quantity being converted into a 


5 mum one by changing the Sign. 


143. Whence it is manifeſt that a Fluent has two "PIN 
viz. one Logometrical, conſiſting in the Meaſure of a Ratio; 


and the other Trigenometrical, being the Arch of a Circle 
of the modular Radius. To make this Matter of a two-fold 


Expreflion af the Fluent evident, let us conſider the 
TIR 


pounded of the two fiemple Ratios ogg to 1, and 1 to 
: and of the laſt 


| Ratio of = ad Medulum 1; this Ratio is com- 


I 


7 


it is I (fee 20, 23.) and the Sum of both theſe 


together iy £22 , ; which i is the Fluxion of the Ratio 


T RR 


T=R to the Module 1. 


144. But to belag this Fluxion into a proper Form, 


ſuppoſe the Module encreaſed to 2 R; then 2 R x 


2 


Foes —2Rt _ Boa. ales hich i is now the Fluxion of the 


TN 


145 And 


D 3 * —— „ * on — 


"Rica . —— 
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145. And becauſe it is Tk: 8218: TK there 
fore T*—R*=$*; and Tek == which. 
N is the Fla ton of the Kaito; in the neceſſary Form. 
146. Since a mean proportional biſects the Ratio of the 


two Extremes, therefore, 1 will be half the Ratio 


8 
of TE ; and this will be the Fluent of che F luxion 
== T in a Scale of Logarithms whoſe Module is 


double the former ; 'L chat is, the true Fluent will be (in 


* 
| the Cote ian Style) thus expreſſed —K FR. 


147. We ſhall illuſtrate this Logometric De@rine by 

Lines in Fig. 1. It has been obſerved (21.) that there js 
no definite Meaſure of any Ratio but in a Scale or Syſtem 
of Logarithms whoſe Module is given. And every Ratio 


= where no Module is ſpecified, 1s eee belong | 
to the natural Siem whoſe Module i is I, or where =I 


=P the Subtangent (24, &c. ) Hence I [Zine the 


Meaſure of the Ratio T N R to 8 5 R i in the natural 
Scale. 

148. Put LM = STAR, O0 =T— * and TN=S 1 
then becauſe QO: TN :: TN: LM; the Line QL, 
(the Ratio of LM to QO or T+R to T—-R) will be 
double the Line TL, which is the Ratio of TR to 8. 


We have ſeen the F luxion of QL in the natural Scale is 
—2 LA RT 


(143). And in the Syſtem where the Module 
15 k, vr Flaxten l A (145); and conſe- 


quently the Flent or Logarit thm QL will be varied in the 
Ratio of the Modules, viz. of 1 to a R. 
149. But if the Fluent of that F luxion muſt be the 


| Meaſure 
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Meaſure of but half that Ratio QL, that is, if TL muſt 


| Sat QL, or be doubled, then ſo muſt the Module TS 9 
18 (= * R) likewiſe; therefore the Fluent TL will be the 


Meaſure of the Ratio EE to the Module R; ſo that 


at. laſt we have found that the F luxion of the Ratio 
Rs TP 
ers mand 


8 


1 150. — are next to thew, that this very F luxion | 
(in the poſitive Form =) t has alſo for its F luent the . 


Arch of E Circle, whoſe Radius is the Module R; 
for (in Fig. 2.) let Ca be the Arch of a Circle or 


| Meaſure of the Angle C Aa whoſe Radius, Tan- 
gent and Secant are XC, CN, AN denoted by R, T, 


and 8, reſpectively. Then it has been ſhewn (66) that 
| FN ; hh ab: : AN*: . R.; conſequently 


ab = = = = the F luxion of the Arch C 4, the ſame ; as 
before. 


151. Hence it is evident, that every Fluxion of this 
Form, and all others which. depend upon it, will have a 
Fluent of two different Values, viz, one Logometrical, con- 
fiſting in the Meaſure of a Ratio; and the other Trigono- 
metrical; in the firſt, the Symbols R, T, and 8, are 
only the Terms of a Ratio; in the latter they expreſs 
the Relation of the Radius, Tangent, and Secant of an 
Angle only, whoſe Meaſure is the Fluent ſought, when 
adapted to the proper Module. 

152. From what has been ſaid, a Formula for Practice 
may be eaſily deduced, both for the logometrical and tri- 


ks gonometrical Meaſure of a given Ratio > For with re- 


ſpect to the firſt, it is plain, that the original Meaſure is 
2 Logarithm L in the Natural Scale whoſe anale! ls Is 


and is thus expreſſed 1 [= =L. 
153. But 
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153. But as we have no Tables of Logarithms for 
that Syſtem, . and the Value of L without Logarithms 
can only be inveſtigated in an infinite Series (24. 
therefore, it muſt be ſought in that Syſtem, where Lo- 
2 garithms are calculated for all Numbers, viz. the Canon 
in common uſe, whoſe Module is 043429, &c. m (41.) 


then, ſince bande are as the Module of the 8 ytews, 1 


we have 1: m: : L: * the Logarithm of = - in 


Brigge Scale, or m [5 An Therefore L 2 Lt ; 


2.3025851, or making N= 2.302585, &c. (4. we 
have L=N/. 


154. But if the Value L of the Meaſure of the Ratio 


A to B be expreſſed in 1 other Syſtem whoſe Module 


is siven, as R; then 1: : NI: RN = Meaſure of 


5 the Ratio i in that orien and conſequently, R [+= 


RN N, the Formula required, conſiſting of known 

— Quantzties R, 7 

155. It is to be obſeryed, that in Lagometric Ratios, 
the Letters R, 8, T, denote only the Parts of a Plain 
Triangle, or Quantities proportional to them; of which 
R and 8 are the Legs or Sides, and T is the Hypothe- 
nuſe; thus, ſuppoſe RES, Ps and T =5 ; then, T+S 


R 3 the Ratio of 8 to 2, 0 

4 t0 1; the Half of 3 is the Ratio of 2 to I a 
TK | | 

1 — — RN“. (See 1 
1 70 While R is a poſſible Quantity, the Fluent will 
be the Meaſure of a Ratio ; 3 but when R=V/=1, or 
” dh —e, or 9 75 or . any , other impoſſible Ferber 
H "Wy 


895 T-S=r, and ſo K 
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it's Sign muſt be changed, and then it will be poſiible; 
and the Fluent will be the Meaſure of an Angle to a given 


| Radius. Thus, if LA R=\/ —e — by changing the Signs N 

on both Sides we have FR = +, and therefore R* 
8 ge. Therefore the Logometric Expreſſion T*—R*—S* 
= becomes (in that wh T TRS“. And the F luent 
Vill now be KL 


= by the Radius R, pa T, and Secant 8. 
= 157. Mr. CoTEs uſed ſometimes to capreſy this trigo- 


-, the Meaſure of an Angle, given __ 


nometric Fluent thus, R {== RT to diſtinguiſh it 8 5 


'$ Þ 
* . the other, As there was a Ratio Modularis ( 30) in 
* Logiſtical Meaſures, fo there is an Angulus Modularis in 
tte trigonometric ones. And this Modular Angle is that 
4; 4 . whoſe Meaſure, or Arch A, is equal to Radius, and is 
1% thus found; as the Circumference of a Circle 35141 50, 
5 Ke. is to the Diameter 1, ſo is 180 Degrees to 57. 17. 
. 44% A, the Modular Angle in circular Meaſures. 
1 J 58. As the Meaſure of an Angle is always propor- 
1 tionate to the Radius, the Radius will be the Module of 
1 the Trigonometrical Canon, and putting the Radius = 1, 
10 we find the Length of any other Arch G by this Ana- 
j Ilogy; as 572957795, &c. (= A) is to Radius =, ſo 


| Þ the given Arch G, to = 


| 4 | the Arch G in decimal Parts of the Radius,” Put 1 


2 he Length or Meaſure of 


0. ol 745320, &c. n, then the trigonometrical Meaſure of 
any Angle G will be z»G, when R=1; but in 1 all other 
Caſes, that Meaſure will be RAG. 

Ir | 159. Having thus inveſtigated the Meaſures of Ratios 

„ and Angles, we ſhall next ſhew how Fluents of Fluxions 
* | are 2 found, and many very uſeful Propoſitions i in 

| | | Geometry 
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Geometry receive the moſt ſimple and elegant Solutions 
from thence. Let it be required, for Example, to ſquare 

the Circle: in order to this, let ACa be the Sector 
(Fig. 2.), whoſe Arch aC=30® G. The Fluxion of 


this Arch is OO Sab, (1 50. ) this multiplied 7 I Ri is 


Rx RF 25 Sto the mall Sector Aab, which is che 


Ns of the Sector A Ca. But the Fluent of Pty the 1 | 


| Meaſure 4 the Areh CamRiG; 4 therefore + L A will 
be the Area of the Sector of 30* to the — R, As A 
Module. 


160. If Rr, then ReG=aG=e. 51743329 3524 
, 523598, &c. and ſo Zn G , 261799 the Area of the 
Sector required. Then becauſe 12* 30= 360, we have 
8, 261799 % 12=3,1415926, &c. the Area of a Circle, 
| Whoſe Radius =1, or Diameter 22. 
161. Mr. CorkEs has given us a Table of general 
Forms of Fluxions and their Fluents, with which ifother 


analogous Fluxions are compared, their F luents may be 
3 . 


readily found, His br Formula i is ds 3 


FED 


" the F luent 


of which (when b =1), = #5 74 The Truth of 


: which will thus appear; Oy e+fe" - then vou | 
have the Fluxions on each Side » £9» z i and 


5 1 ds 1 2 
2. — 2 2 and therefore #3, — 


4 e+fs" © af © 
| whoſe Fluent is the Meaſure of the Ratio of x to 5 or cf 


+ +fz" to e, ad Modulum LA as aboye expreſſed; 


162. The ſecond general Form is — 2 05 +46 DEP and 


e+ fu" 


its Fluent (when 60 is _ . this will appear 


— — 


| 4 52 3 4 New and Compendious 
x by pitting ==" r- and 425 r. R- 
| f =$*; for then we thall have 21 T, and 44h 
1 841 multiply one Side 1 into TIT > and the other into 
3* its equal , and you will have, 25 ES” = 
= 1 0 3 
# 2 laſtly, multiply both Sides by , and you 
= *- 
: ' 3s 1 2 In—r SANE E = 13 | 
1 have 25 2 — , whoſe Fluent 22 1 * 
W- £46 ee, eee, e ne 
Wl AT; 
Wes |. — is the Fluent fought (by Art, 146, Ke.) : 
i i 203 
i 2555 When + = R“ is impodibie, then = SR. 
0 | Al ; will be poſſible, and the Fluent will then be the Meaſure 
* of an Angle G, whoſe Radius, Tangent, and Secant, are 
4 j as R, T, So 83 reſpeQvely, but whoſe Module (or true 
Nals) * — —4 R; and therefore | its Meaſure, 0 or the real 
| Fluent will be . . „6. But whas Fr, then 2 
R 2 , and fins A. the Fluent is then barely 
RAG (158) — 1 
bl: | 164. Mr. Corks his given Tables of 18 of theſe 5 
| * fluxiopnary Formulas, with the Method of continuing ; 
We | them ad inſinitum. A Specimen of the Manner in which 
1 theſe Forms are applied to uſe we ſhall give in the Pro- 


blem of ſquaring ih Aſymptotic Space A B E F (Fig. 6. ) 4 
the Refanzular Hyperbola GBH, whoſe Power ACD 


WW. | =I, the Square of CA=1=a; let AF=x, EF =y, and 
„ Ff=x. Then, from the Nature of the Curve, it is 


a 4 *. 15 2a, TO fo y= 1 21 ; and therefore the Flux- 


N | >, a4 ö " 08 _O . aa 
1 ion of the Area is, FE; 24+ 


„ 


165. Now 


© Syorem f Locanrmuns: 53 
165. Now this Fluxion is ſimilar to the firft Form of 


ALPS: 


the Tables, VIE ——— 7 22 — as will appear by putting 


* z x, = 21, n=1, e=a, i. for then it be- 
comes the ſame. In the firſt Table, therefore, againſt 


l you have the Fluent Sz, that is, 2 . 


= A0 · ASHAP., — n (153) = the Space 


or Area ABEF, as required 
166. From hence it is evident, that the ſaid Spice is 
the natural Logarithm of 1+# to the Modulus ACDB 
i; whence if x=1, then CF==1+x=2 ; and the 
hyperbolic Space ABEF is N 1=0,6931472 (ſee Art. 120) 
Again, let AL=2 or CL=3, then the Area ABML 
will expreſs the Ratio of CL to AC, or of 3 to 1; and 
will therefore be the natural Logarithm of 2, viz. 
: 1,0986123. And it is on this Account that theſe natu- 
ral Logarithms have been commonly called gong 
Logarithms. 

167. But the n of any other Syſtem are as 
much hyperbolical as "theſe ; for if the Power ACDB of 
the Hyperbola be a Square or Rectangle = 0,4 34294, &c. 
then the Areas ABEF, and ABML will be the Briggian 
Logarithms of 2 and 3 in the common Canon; and they 
will be the Logarithms of the ſame Numbers in Mright's 

| Syſtem, if the Module ACDB be = 0.343775, &c. 
168. I ſhall conclude with one Example more, 
Mr. CoTEs has ſhewn (Harmonia Menſ. Page 79.) that 


the Fluxion of a Ficuxe of SECANTS is — 
H 
which is analogous to the Sixth Formula of his Tables, 
os 20" +2 2 


7 ++ fo" 


written y, 2, 0, rr, rr, 1, it will then be reduced to 
the 


; becauſe if for z, n, 0, d, e, f, be 


=_ 4 New and 9 : i : 
the given F luxion ; ; the F luent df which (again 62 0) 
a 3 2 Lg R | 4 
"ou In this 6th Table, the Valles of R, T, 8, are 
ſuch as make them in Proportion to each other, as 
Herr, n, r; or as the Tangent ET, Secant CT and 
Radius CE, of the Angle ECT (in Fig. 2.) The above | 
* 
CE-- 
Area or Sum of all the ah on the Arch EB is to the 


Sum of ſo many Radii on the ſame Arch, as the nautical 
Magnitude of the Arch is to its true Magnitude ; 3 that is, as 


r CEXEB, or as eren 2X 5.3 to 


Fluent therefore will be CE ” . | But this 


CE 
E B. | 
170. Thom it appears that the nautical Magi of 
the Arch E B is CE . or CE |< 
| OE r 


(by 1 45) and therefore is the 1 of the Ratio of tbe 
Radius CE to the Tangent of Half the Co-latitude CT- ET 
(EKD) to the Radius CE, as a MopurE; ; the ſame 
Thing that 1 was otherwiſe ſhewn i in Chap. IV. 
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Page 4 Art. 49. in the 2d, 4th, and 5th Line, for 00. 
read P 
In the Mariner's 8 the Reader is defired to make the 

following Corrections, viz. Part II. Preface, page 2. line 22. 
delt the ſtar.—Page 11. laſt line but one, for 11“ 37” read 

19 30.— Page 15. line 13, for Diameter, read Semidiameter. 
bid, line laſt but one, for formed, read found. — Page 19, line 13, 
ſor Spheriog, read Spheroid.—Page 20, line 2, for y, read 5. 
line 3, 8, and 10, for xy, read 2 line 11, for As, read as, 
Page 30. line 1, for 30h, read 30“. ibid, for 28h, read 28% 
line 12, for 60b, read 60? 1 


